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Endocrine Methods of Treatment of 
Cancer of the Breast!” 


Cuar es Hucains, Ben May Laboratory for Cancer 
Research, University of Chicago, Chicago, Ill. 


Thanks to magnificent discoveries made in the laboratory and applied 
in the clinic, it is safe to say that when a satisfactory elucidation of 
cancer has been made the hormones will be found to occupy a position 
near the center of the problem. Hormones are significant factors in the 
etiology of cancer, its prevention and its treatment. The present paper 
is concerned with the therapy of human mammary cancer. Carcinoma 
of the breast presents a problem of heroic proportions, since this neoplasm 
is the commonest cancer of man and of animals as well. 

The treatment of mammary cancer by endocrine methods rests on the 
concept of hormonal dependence, which characterizes many of these 
cancers. It has been learned that the growth of several cancers, including 
certain carcinomas of the breast, can be stimulated or inhibited by the 
administration or withdrawal, respectively, of appropriate endocrine 
substances. Two new principles of medicine could be seen in the develop- 
ment (1) of this concept: First, that cancer is not necessarily autonomous 
in its growth or intrinsically self-perpetuating. Some neoplasms retain 
sufficient characteristics of the normal cells from which they arose so that 
the tumor cells function like the normal tissue of origin. When the 
original tissue is dependent upon hormonal support for maximal activity, 
frequently its cancers are similarly dependent and atrophy when the 
hormonal support is withdrawn by any one of a number of means— 
these cancers being, by definition, dependent tumors. This therapy is 
control of neoplastic disease by physiologic means. Usually the end 
result is merely control, rather than cure; all too frequently the tumors 
become reactivated and the remission is followed by relapse. The 
remission, however, may be very profound and of very long duration, 
and it is a mistake to assume that cure has never been achieved by this 
method of treatment. This therapy, in fine, consists of a modification*of 


1 Received for publication March 22, 1954. 

2 This study was aided by grants from the Jane Coffin Childs Memorial Fund for Medical Research, the Ameri- 
ean Cancer Society on recommendation of the Committee on Growth of the National Research Council, and the 
Damon Runyon Memorial Fund for Cancer Research. Cortisone acetate was generously provided by Merck 
& Co., Rahway, N. J. 

3 Delivered as a lecture at the National Institutes of Health on March 18, 1954. 
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the tumor-host relationship and it is particularly pertinent to human 
beings. 

The second new principle that my coworkers were able to see is that 
disease (here cancer) can be sustained and propagated by hormonal 
function that is not abnormal in kind or exaggerated in rate, but is oper- 
ating at normal or subnormal levels. It is now appreciated that trace 
amounts of hormones can drive cancer to such exuberant growth that 
it will cause the death of the host. 

The endocrine methods available are: excision or irradiation of the 
gonads, administration of androgenic or of estrogenic substances, therapy 
with other steroids, adrenalectomy, and hypophysectomy. 


Ovariectomy 


Sir George Thomas Beatson (2) was the first to prove, in 1896, that 
mammary cancer can be induced to regress by excision of the ovaries. 
He first performed ovariectomy in a woman aged 33, with recurrent cancer 
in a scar; a second patient, aged 40, had a large primary tumor. Both 
cases had metastases to lymph nodes. In each case the cancers decreased 
in size and redness. A biopsy of one cancerous nodule 2 months after 
ovariectomy showed fatty degeneration of the cancer cells with an increase 
of stroma. 

Ovariectomy effects regression of approximately 20 percent of mammary 
cancers (table 1). When successful, ovariectomy causes relief of pain, 
diminution or disappearance of the primary tumor, healing of ulcers, 
improved nutritional status, and prolongation of life. The beneficial 
results in most cases (3) are transient, wearing off in 6 to 12 months, but 
improvement has extended to a period of 3 to 5 years (3, 4). 

The best results occur in cancers with a slow growth rate. Metastases 
to axillary and supraclavicular lymph nodes yield less rapidly and less 
extensively than the primary tumor (3), but have been observed to 
decrease in size. It has been impossible to predict in advance which 
cases will respond (3). Most of the beneficial results seem to occur in 
premenopausal women (3, 4), the most favorable age being 40 to 50 
years (4). 

By 1905, ovariectomy was practically abandoned, although several 
small series (5, 7) have been reported since. The fact that it has not 
been generally adopted is a proof of its relative ineffectiveness (7). 

The Horsleys (19, 20) have combined ovariectomy with radical mastec- 
tomy as the primary treatment of mammary cancer. Of 26 cases so 
treated, 20 (76.9 percent) had no recurrence after three years. Of 97 
cases treated by radical mastectomy without ovariectomy, 53 women 
(54.6 percent) were free from recurrence after three years. 


Ovarian Irradiation 


Courmelles (21), in 1905, was the first to suggest external irradiation 
of the pelvis to eliminate ovarian function, but very few studies were 
reported before 1930. It is difficult to judge the statistical effect of 
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TABLE 1.—Endocrine modification in advanced mammary cancer: percentage of 






































improvement 
Objective | 
Total | improvement | 
Reference | oom | | Remarks 
\N umber | Percent | 
Ovariectomy 
Thomson, 1902 (3).......... 80 18 22 16 Pre- and 2 postmeno- 
pausal. 
Lett, 1905 (4)..... MPs ee 75 22 29 | Premenopausal. 
24 We Res eces | Postmenopausal. 
Adair et al., 1945 (5)........| 31 4 12 | Premenopausal. 
Sicard, 1947 (6)........... 5 a ee | Premenopausal. 
1 i ee Postmenopausal. 
Dargent, 1949 (7)...... = 10 2 Barge oe oe acuenes Gaie diam 
Ovarian Irradiation 
a ee piss ‘nae 
Ahibom, 1930 (8)........... 16 0 0 Sorat rg hah ho wilting Ga 
Dresser, 1936 (9)........... 30 9 30 | Premenopausal. 
Taylor, 1990 (10)........... 50 | 20 a See eee eee eee 
Adair et al., 1945 (5)........} 304 | 47 15 Premenopausal. 
Douglas, 1952 (11).......... | 175 | 36 20 | 2 Postmenopausal im- 
| | proved. 
| | = SS 
Testosterone 
Adair and Herrmann, 1946 11 4 36 | Premenopausal. 
(12). 
Cutler and Schlemenson,| 19 8 Oe feeeiites see easunciceoee. 
1948 (13). 
Adair et al., 1949 (14)....... | 48 | y 19 | Bone metastasis. 
54 | 8 | 15 | Extraskeletal metastasis. 
A.M.A. Council on Pharmacy 82 1 | 18 Bone metastasis. 
and Chemistry, 1949 (15). 77 15 20 =| Extraskeletal metastasis. 
Segaloff, 1952 (16)......:... 48 13 M. ) bevee papel eae 
Douglas, 1952 (11).......... 30 8 26 Piste eintn heiia ol mena eaten ear 
Estrogen 
Haddow et al., 1944 (17)..... 40 16 Me Sicha ciate utesee sree 
Ellis et al., 1944 (18)........ 100 | 14 14 | Age less than 60 yrs. 
| 68 |; 27 39 | Age over 60 yrs. 
Adair et al., 1949 (14)....... 35 8 23 Peer re, Pee ee 
A.M.A. Council on Pharmacy 144 36 25 | Postmenopausal. 
and Chemistry, 1949 (15). 
Douglas, 1952 (11).......... 322 98 | 30 Majority postmenopausal. 





ovarian irradiation because in many cases both the ovaries and the 
metastases were so treated; in others, some of the patients had no metas- 
tases at the time of irradiation. The cases summarized in table 1 are 
largely free from these discrepancies. 

Thayssen (22) treated 99 cases of advanced mammary cancer with 
irradiation of the ovaries and metastases, and compared them with a 
control series of 100 similar patients who did not receive roentgen therapy. 
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After two years, 40 percent of the irradiated patients were alive, as 
compared with 11 percent of the control group. X-ray castration can 
have a beneficial result, even when the estrogen output (22) in the urine 
is low. 

The results of ovarian irradiation are sometimes remarkable, with 
prompt and effective relief of pain, improvement in general health, 
prolongation of usefulness, and partial or complete regression of bone 
lesions (23). Irradiation has not prevented new metastatic lesions from 
appearing, however. The best response occurs in premenopausal women, 
although Douglas (1/1) observed benefit from ovarian irradiation in 2 
postmenopausal cases. The duration of improvement is usually less 
than one year, although regressions for two to three years have been 
observed (9). 

Halberstaedter and Hochman (24) observed that bone metastases (69 
percent improved) and pulmonary and pleural lesions (50 percent im- 
proved) respond to irradiation more often and more extensively than 
other metastases. Certainly bone lesions respond better (5) than other 
metastases; the osteolytic lesions often become osteosclerotic in type, or 
fill in and disappear (3, 10, 24). 


Testosterone 


Treatment with androgenic substances benefits certain cases of advanced 
mammary cancer. While the mechanism of action is uncertain, it is 
known that testosterone favors protein synthesis, which is desirable in 
cancer cases. 

In 1939, both Ulrich (25) and Loeser (26) drew attention to the possible 
usefulness of androgens in the treatment of mammary cancer. Farrow 
and Woodard (27), in 1942, observed subjective but no objective improve- 
ment in about half of 33 patients receiving androgens. Of 3 cases de- 
scribed by Fels (28) in 1944, one woman had definite regression of the 
disease. It was not until 1946, when Adair and Herrmann (1/2) demon- 
strated that improvement occurred frequently in advanced mammary 
cancer, that the subject was investigated extensively. Testosterone 
became abundant in the 1940’s, and the impact of the report of Adair and 
Herrmann (12) increased the application of testosterone tremendously. 
Since then, thousands of women have been treated by testosterone with 
benefit. 

Therapy of advanced mammary cancer with testosterone, while tempo- 
rary and palliative rather than curative, often produces remarkable 
effects. Symptomatic relief (29) is frequently obtained in 2 to 3 weeks 
and consists of increased appetite, gain in weight, decreased pain, lessened 
requirement for narcotics, and renewed interest in life. In part, the 
improvement is associated with the general protein-anabolic effects of 
testosterone. Methyl testosterone, given orally, seems to be equally as 
effective (30) as testosterone propionate given intramuscularly. Sympto- 
matic relief (15) occurs in about 62 percent of the patients, with improve- 
ment in soft tissue and osseous metastases in about 20 percent (table 1). 
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There is sometimes a significant response of severe refractory anemia (15) 
in metastatic breast cancer treated by testosterone. 

The mean survival times (30) of those patients improved by androgens, 
when correlated with the type of metastases, are: soft tissue, 11 months; 
bone lesion, 13.6 months; lung, 8.7 months. When these data were com- 
pared with unimproved patients of the same categories, it was seen that 
androgen therapy prolonged life for only a few months (30), but these 
brief remissions with some months of enjoyable life are worth while. 

Osseous metastases respond to testosterone by a filling in of osteolytic 
lesions, and equally remarkably by an increased density of bone (12). 
Associated with the osteoblastic response there is an increase of serum 
alkaline phosphatase (29) and hypercalcemia (27). 

Side effects from administration of testosterone to women are very 
common. The most serious is edema from retention of salt and water. 
Care should be exercised in the use of testosterone in elderly hypertensive 
patients. Minor complications include hirsutism, a bass voice, acne, 
loss of hair, and hot flushes (30). An increase of libido can be most 
distressing. Testosterone usually causes a rise of 17-ketosteroids and a 
decrease of gonadotrophins in the urine of the female patient. 


Therapy with Estrogenic Substances 


Although ~»mpounds possessing estrogenic activity are carcinogenic 
with respect to the mammary gland in certain species and strains, estro- 
gens have an ameliorative effect on certain patients with advanced 
mammary cancer. The mechanism of action is unknown, the observation 
being completely empirical in origin. 

In mammary cancer with osseous metastasis, Farrow and Woodard 
(27) observed that estrone caused an increase in the concentration of 
serum calcium and in the excretion of calcium in the urine, much as does 
testosterone propionate. Haddow and coworkers (1/7), reasoning that 
many carcinogenic hydrocarbons possess the property of retarding the 
growth of both normal and malignant tissues, treated a series of cancer 
patients with three estrogenic compounds. These investigators were the 
first to discover that estrogens can cause a significant retardation of 
growth of certain cancers of the human breast—although it was already 
known that estrogens can induce profound remission (1) in certain patients 
with prostatic cancer. 

The following changes may be seen in patients with advanced cancer of 
the breast treated by estrogens (31): ulcerations of the primary tumor 
may decrease in size or heal; masses may regress significantly; recurrent 
skin nodules may disappear or become smaller; edema and redness of the 
skin may diminish in intensity; enlarged lymph nodes may become 
smaller; and regression of pulmonary or osseous metastases may occur. 
Further, improvement may be observed in the general condition of the 
patient, with an increase in appetite, weight, and hemopoietic activity. 
Regression of bone or lung lesions is seldom seen before 6 months of treat- 
ment have elapsed; bone lesions respond equally as well to estrogens as to 
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testosterone (30, 11). Cutaneous and lymphatic metastases respond 
more frequently than other soft-tissue lesions. 

No differences have been observed in the effects of various estrogens 
(30, 11, 17). 

In those patients who improved, the average length of life was 13.7 to 
16.5 months; when estrogen failed to result in improvement, the mean 
survival time was 7.4 to 8.4 months (30). Estrogen therapy resulted in 
subjective improvement in about 60 percent of the cases, while objective 
benefits were observed in about 25 percent of the cases (table 1), most 
commonly in postmenopausal women. While a fair response may occur 
at times in young women, the results are better after the menopause (30, 
11), and certain authors have strongly advised that estrogenic treatment 
be used only in women five or more years after the menopause (31). In 
certain cases, estrogens are known to accelerate the course of the disease 
(30, 11). 

Side effects from estrogenic treatment are edema, vaginal bleeding, 
nausea and vomiting, pigmentation of areola and axilla, hypercalcemia, 
and incontinence (30). 


Androstenediol and Progesterone 


Because of a renotrophic action in mice similar to that of testosterone 
propionate, Homburger et al. (32) injected 7 women having advanced 
mammary cancer with 25 to 100 mg. daily of methylandrostenediol. 
None of the women developed signs of virilization, while 4 were reported 
to have objective evidence of regression of the neoplasm. In an extension 
of this series to include 44 women (33), 9 cases (20 percent) were found to 
show objective evidence of regression. However, several cases exhibited 
masculinization, indicating that the compound had weak androgenic 
action in the human. Further work with this compound has been 
disappointing (30). Segaloff (34) observed clinical improvement in only 
2 of 24 patients treated with methylandrostenediol; there was no sub- 
jective improvement as observed with testosterone, and in many cases 
there was a severe local reaction or even abscess formation at the site of 
administration. Segaloff (16) obtained no favorable response in 21 cases 
treated with androstenediol. 

Administration of progesterone (100 mg. three times weekly) was 
followed by objective regression in only 2 of 20 patients (35); there were 
troublesome abscesses and local irritation at the site of injection. 
Anhydroxyprogesterone produced no response in 7 cases (1/1) in which 
it was tried. 

Adrenalectomy 


The regression of mammary cancer that follows oéphorectomy proved 
that the ovary can be a factor in sustaining carcinoma of the breast. The 
induction of mammary cancer in mice following the administration of 
estrone, first discovered by Lacassagne, proved that estrogenic substances 
are importantly involved in mammary cancer. Women who have under- 
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gone odphorectomy often continue to excrete significant and even large 
amounts of estrogenic compounds in the urine. It was discovered by 
Woolley, Little, and Fekete that early gonadectomy in certain strains of 
mice led to hypertrophy and tumors of the adrenal cortex and later to 
malignant tumors of the breast in many of the animals. From this and 
other evidence (36) it is clear that both the adrenal glands and the ovary 
are capable of secreting hormones that can maintain the mammary gland in 
a functional state. These considerations led to adrenalectomy in mam- 
mary cancer (37). The availability of cortisone and desoxycorticosterone 
acetate (DOCA) made adrenalectomy a feasible operation (38). It was 
soon learned that this procedure is not unduly dangerous; that life with 
adequate substitution therapy is pleasant; that the maintenance of 
adrenalectomized patients is not complicated or difficult; and that certain 
widely disseminated mammary cancers regress. 

Following the rather large replacement doses (38) of cortisone and 
DOCA required to insure the prevention of adrenal insufficiency during 
and after adrenalectomy, within a week the patient is placed on a hor- 
monal substitution program which in most cases proves to be the future 
maintenance regimen. The criterion for adequate substitution is the 
prevention of any sign or symptom of adrenal insufficiency. The best 
indicator is an adequate blood pressure without orthostatic hypotension. 
In our experience, cortisone acetate (25 mg. twice daily by mouth) is 
optimal for most patients. Usually DOCA pellets (3 X 75 mg.) are 
implanted subcutaneously, but severe hypertension is a contraindication. 

As a routine therapeutic procedure for certain kinds of mammary 
cancer, which we shall designate, total adrenalectomy is combined with 
simultaneous bilateral oéphorectomy (39). The mortality rate (deaths 
within 30 days of the operation) was 7.8 percent in 115 consecutive cases 
in our clinic. We have employed adrenalectomy only in patients with 
very widespread cancer. Prior to the operation each of them had been 
subjected to attempts at therapy with irradiation, ovariectomy, or the 
injection of testosterone or estrogenic substances. 

Seventeen patients with mammary cancer were subjected to adrenalec- 
tomy in a 12-month period beginning in May 1951, and there was one 
postoperative death. Six patients (6 women and 1 man) were alive from 
2 to 3 years after the operation. A brief survey of these cases follows: 

1) M. B. (female, age 46) was treated by radical mastectomy on 
December 9, 1949. Osseous metastases became evident in January 1951, 
and she was treated with heavy doses of testosterone. She became con- 
fined to bed in February 1951, and there was rapid progress of osteolytic 
metastases with many fractured bones. Adrenalectomy was performed 
on May 7, 1951, and oéphorectomy on July 2, 1951; the ovaries were very 
small and atrophic. There has been steady improvement (figs. 1, 2, 3) 
since adrenalectomy, with healing of all the fractures. The patient is 
free from pain and is ambulatory and able to do housework. Three years 
have elapsed since the operation. 

2) L. M. (female, age 63) was treated by radical mastectomy in 1949. 
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When first seen in the clinic in August 1951, there was extensive inflam- 
matory carcinoma in the mastectomy incision and a large neoplasm in the 
opposite breast, with nipple retraction. Adrenalectomy was performed 
on September 5, 1951. There was rapid regression of the neoplasm and 
the patient has remained well for 24 years. 

3) L. G. (female, age 41) was treated by radical mastectomy in 1943 
at 33 years ofage. In August 1951 she developed dyspnea and cough, and 
edema of the right arm. Thoracentesis was performed on three occasions. 
She was treated for 2 months with large amounts of testosterone, but 
without improvement. The ovaries and adrenal glands were removed in 
December 1951. There was resorption of the pleural fluid and thora- 
centesis has not been required since the operation. Edema of the arm has 
disappeared. The patient is in good health 2% years after the operation. 

4) M. W. (female, age 45) was treated by radical mastectomy in 
November 1942, and by odphorectomy in 1944. Osseous metastases were 
detected in 1949 and she was treated with testosterone. While relief was 
obtained from this therapy for 2 years, pain in the jaw, back, both legs 
and ribs commenced in October 1951. Adrenalectomy was performed on 
March 10, 1952. The patient has been relieved of pain, has gained 20 
kilograms in weight, and has worked at her occupation for 2 years since 
the operation. 

5) C. K. (female, age 62) was treated by radical mastectomy in 1949. 
In December 1951, the patient developed osteolytic metastases in the 
pelvis and spine, accompanied by great pain, forcing her to become con- 
fined to bed. She received testosterone in large dosage during February 
and March 1952, but this caused no improvement. In March 1952, 
extensive osteolytic metastasis was present with a pathologic fracture of 
the left femur. Adrenalectomy was performed on March 22, 1952, and 
bilateral o6phorectomy in October 1952. There has been filling in of the 
osseous lesions, pain has disappeared, and the patient is ambulatory 2 
years after adrenalectomy. 

6) G.S. (male, age 51) had been treated by radical mastectomy in 1946. 
A pleural effusion appeared in June 1948, but this disappeared in 1948 
following orchiectomy. In December 1951 he noticed pleuritic pain in 
the left chest, and thoracentesis was performed twice; on each occasion 
about one liter of bloody fluid containing cancer cells was removed. 
Adrenalectomy was performed on April 19, 1952, and this was followed by 
disappearance of pleural fluid. No thoracentesis has been required in 2 
years, during which time the patient has enjoyed good health. 


It is apparent that subjective and objective regression of mammary 
cancer can follow the excision of the adrenal glands and that the relief can 
last for more than 3 years, so that it is worth while for such patients to 
undergo adrenalectomy. We are of the opinion that it is most conserva- 
tive to remove the ovaries of patients with advanced mammary cancer 
who have been selected for adrenalectomy—regardless of age and despite 
earlier irradiation of the ovaries or extensive and prolonged administration 
of hormonal substances. 


Journal of the National Cancer Institute 





ENDOCRINE THERAPY OF MAMMARY CANCER 9 


The beneficial effects of adrenalectomy on certain patients with 
advanced mammary cancer have been confirmed by other investigators. 
S. G. Taylor et al. (40) described their experiences with 16 patients with 
cancer of the breast who were subjected to adrenalectomy; a considerable 
regression of the cancer occurred in 7 women. ‘These investigators stated 
that 11 patients treated with cortisone rather than with adrenalectomy 
did not obtain palliation comparable to those subjected to removal of the 
adrenal glands. Pearson and coworkers (41) observed that 7 of 20 patients 
with advanced mammary cancer had significant objective remission of the 
disease following bilateral adrenalectomy; all but one of these patients 
had undergone surgical oéphorectomy months to years before removal of 
the adrenals. 

Since adrenalectomy is a surgical procedure of some magnitude, the 
proper discrimination of candidates for this therapy is of great importance. 
It is obvious that simpler forms of treatment should first be attempted. 
We employ four criteria that are helpful in the selection of cases for 
adrenalectomy: 

1) The greatest relief has been observed in patients 40 to 65 years of age. 

2) A prolonged interval (more than 1 year) between mastectomy and 
recurrence of the cancer often indicates that improvement will follow 
adrenalectomy. The rapidity of growth of a cancer indicates the degree 
of its malignancy. A prolonged interval implies that the tumor naturally 
grows slowly or that the internal environment of the host is not conducive 
to the optimal growth of the neoplasm. 

3) A titer of estrogenic substances in the urine above 15 International 
Units daily is evidence of significant hormonal production. 

4) Only adenocarcinoma commonly responds to excision of the endo- 
crine factories. Adenocarcinoma of the breast is defined as a neoplasm 
composed entirely or largely of acini whose lining is one cell in thickness 
(figs. 4 to 11); commonly milk is found in the lumina. It is apparent 
that adenocarcinoma lies in a special category among the mammary cancers. 
The typical tubules of mammary adenocarcinoma occur both in solid 
tumors and in free-floating form when there are metastases to serous 
cavities; they have been observed in pleural (fig. 7) and ascitic (fig. 8) 
fluids. 

Pearson et al. (41) state that failure to respond to oéphorectomy is 
presumptive evidence that adrenalectomy will be of little value. This 
concept obviously does not apply to patients whose ovaries have atrophied 
and whose adrenal glands have maintained the cancer. Pearson and his 
assistants differentiate estrogen-sensitive cancers of the breast on the 
basis of the excretion of calcium in the urine as a delicate and sensitive 
index of the activity of mammary cancer with osteolytic metastases. It 
is true that adrenalectomy and odphorectomy have furnished relief to 
patients in whom estrogenic substances or testosterone (figs. 1, 2, 3), 
administered earlier, have caused aa acceleration of the activity of the 
cancer. 

The causes of failure of endocrine therapy in mammary cancer are 
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becoming evident. The regression of cancer of the breast after adrenal- 
ectomy and oéphorectomy is a function of reactivity of the cancer plus 
adequate hormone production. One great cause of failure is that certain 
cancers are not hormone-dependent. 

The second cause of the failure of adrenalectomy plus oéphorectomy is 
the failure of the excision of these glands to suppress production of sup- 
porting hormones. In most women the excision of the ovaries and adrenal 
glands results in the disappearance of estrogenic substances from the 
urine; this is not always true, and we have observed women who secreted 
estrogenic substances despite the absence of detectable adrenal or ovarian 
tissue at necropsy later. 

The administration of luteotrophin to women with mammary cancer 
before adrenalectomy has illuminated the physiology of women with 
mammary cancer. The secretion of milk, in any amount, by the breast 
is a criterion of functional maturity of mammary epithelium. We find 
that most women with cancer of the breast (42) lactate when the breast 
is challenged with the lactogenic hormone, regardless of age and despite 
either the lack of earlier pregnancies or earlier o6phorectomy. It was of 
interest to observe that lactation, once set in motion, often continued for 
many months after removal of the ovaries and the adrenal glands. Such 
persistent lactation is ominous. It is evident that factors other than 
steroids, presumably of hypophyseal origin, are maintaining physiologic 
activity of the breast and its cancers in some women with hormone- 
dependent cancers, so that they fall in the therapeutic-failure class. In 
this regard we have observed that persistent hot flushes occurring in 
women following adrenalectomy is a very favorable sign of remission. It 
is clear that the type of hormonal activity associated with these hot flushes 
is not inimical to regression of mammary cancer. 


Hypophysectomy 


In 1952, Perrault (43) first performed removal of the hypophysis for 
cancer of the breast, and this procedure resulted in an improvement of 
the general condition of the patient, associated with an increase of weight. 
In 1953, Luft and Olivecrona (44) reported that hypophysectomy pro- 
duced benefit in women with mammary cancer where simpler methods of 
treatment were no longer effective, and that the procedure was well 
tolerated and was comparatively free from danger. 


Cancer of the Male Breast 


Cancer of the male breast comprises about 1 percent of all mammary 
cancer, and both the pathologic and clinical course approximate that in 
the female. The effects of hormonal modification by orchiectomy and 
adrenalectomy are often impressive. 

Farrow and Adair (45) reported that testosterone seemed to stimulate 
growth of the tumor, while in one case there was some regression after 
orchiectomy. In a series of 6 patients (46), castration caused regression 
of the tumor and its metastases in 3; relief of pain and clinical improve- 
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ment in some cases were dramatic. Subsequently it was reported (47) 
that 2 of these 6 men were living after five years, without evidence of 
cancer. Patients with osseous and pulmonary metastases (48) seem to 
have a better chance of response than those with hepatic involvement. 

We have observed the effects of adrenalectomy on mammary cancer in 
2 males in whom the disease was advancing rapidly despite orchiectomy 
at an earlier time. In both men there was rapid regression of pulmonary 
metastases after removal of the adrenal glands. In one of these cases 
the remission was only of 5 months’ duration; in the other, the cancer is 
still in remission after 2 years. 
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PLATE 1 


Ficure 1.—M. B., female, age 46. Radiograph showing osteolytic metastasis in the 
pelvis, secondary to mammary cancer. The patient was then treated with heavy 
doses of testosterone (see fig. 2). 


Ficure 2.—M. B., female, age 46. Radiograph of the pelvis showing rapid advance 
of osteolytic metastases during treatment with tes'!osterone for 7 weeks. 
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PLATE 2 


Figure 3.—M. B., female, age 48. Radiograph of the pelvis 2 vears following adrenal- 
ectomy, showing stabilization and regression of metastases. This was the first 
patient with mammary cancer treated by adrenalectomy. 
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PLATE 3 


Figtre 4.—Primary adenocarcinoma of the breast (M. B.). There was marked 
regression of carcinomatosis after adrenalectomy in this woman. Hematoxylin and 
eosin 37) 

Picture 5.—Primary adenocarcinoma of the breast (M. B.). A second area of the 
primary tumor (ef. fig. 4). Hematoxylin and eosin. 3 
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‘ 
PLATE 4 
GURE 6.—Primary adenocarcinoma of the breast (J. Me There was marked 
regression of pleural metastasis after adrenalectomy in this woman. Hematoxylin 
and eosit 350 
GURE 7.—Free-floating acini in the pleural fluid of a woman (J. MeC.) with pleural 
Inetastases froth mammary 


Hematoxvlin and eosin 


adenocarcinoma, before 


adrenalectomy (cf. fig. 6 
oO 
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PLATE 5 


Figure 8.—Free-floating acini in the ascitic fluid of a woman (A. B.) with peritoneal 


metastasis from adenocarcinoma of the breast, before adrenalectomy. There was 
a marked regression of carcinomatosis following removal of the adrenal glands. 
Hematoxylin and eosin. 385 

Figure 9%.—Primary adenocarcinoma of the breast (G. N.). There was marked 
regression of carcinomatosis after adrenalectomy. Hematoxylin and eosin 225 


Ficgtre 10.—Primary adenocarcinoma of the breast of a woman (C. W.), age 62. 
There was marked regression of carcinomatosis after adrenalectomy. Hematoxylin 


and eosin. 40 
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PLATE 6 


Picture 11 Primary adenocarcinoma of the breast of 
warked regression of carcinomatosis after adrenalect« 


325 


a woman 


Ix 


Cc 


There Was 


my Hematoxylin and cosin. 
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The Amino Acid Content of the Ultra- 
filtrate From Horse Serum? 


Benton B. Westrauu, Exvutison V. Peppers, 
KATHERINE K. SAnrorp and Witton R. Eartez, 
Tissue Culture Section, Laboratory of Biology, 
National Cancer Institute,’ Bethesda, Md. 


Horse serum is a constituent of the standard medium used in this 
laboratory (1) for growth of cells in vitro. Since for certain cell types it 
seems to be an essential part of the medium as here used, work has been 
started on an examination of the various materials contained therein, in an 
attempt to ascertain which portions are essential and which may be dis- 
carded. As a first fractionation, the serum was divided into two gross 
portions by ultrafiltration of the materials of small molecular weight 
through a collodion membrane (2, 3) to yield a protein-free ultrafiltrate 
and a residue with increased protein concentration. This report is con- 
cerned with an examination of the amino acid content of the ultrafiltrate. 


Materials and Methods 


The blood for serum was collected in 8-liter cylinders surrounded by ice. 
Four lots of serum were used, each pooled from six horses.‘ The cells were 
removed from each sample prior to mixing the serum from the individual 
horses to form the large pooled lots. The serums yielding the material 
used in experiments 3 and 10 were ultrafiltered the day following bleeding 
of the horses; the lot for experiment 5 was stored at —18° C. for 9 days 
before thawing and ultrafiltration, while that for experiment 1 was kept 
at —18° C. for 90 days before use. Filtrations were carried out by applied 
pressure from a tank containing 5 percent carbon dioxide in nitrogen, so 
that from 50 to 75 percent of the original volume of the serum came 
through the membrane as protein-free filtrate. Filtration was carried out 
at 4° C. The serums for experiments 1 and 3 were not sterilized before 
ultrafiltration; the serums for experiments 5 and 10 were sterilized by 
passage through a #03 Selas filter before ultrafiltration.’ Ultrafiltration 
required 16 to 22 hours. 


1! Received for publication February 12, 1954. 

3 Preliminary report of these results was made at the meeting of the Tissue Culture Association at Providence, 
R. I., March 18-19, 1952. 

+ National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 

4‘ The samples of serum from which the ultrafiltrates were prepared, and the ultrafiltrates, were portions of 
those used by Sanford ef al. ($) in nutrition studies previously reported. The horses furnishing the blood were 
adult, medium draft geldings maintained on a high-protein diet (3). 

* The passage through the sterilizing filter is known to remove some nitrogen from the solution. 
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Chromatography on Whatman #1 paper was carried out either in 
museum jars (4) or in a cabinet capable of holding § or more 24’’ x 24’’ 
sheets. The jars were used with the solvent mixture ascending; the 
cabinets were used with either ascending or descending solvents. Some of 
the solvents could be used as received from commercial sources, otherwise 
they were distilled before use. For example, one large batch of phenol 
was suitable with no further treatment; another batch secured at a later 
date had to be distilled from zinc dust before it gave a clear solvent front 
and absence of streaking on the paper. For the column chromatography 
the method of Stein and Moore (5) was used. For the quantitative color 
estimations in the fractions from the starch columns the ninhydrin reagent 
was used (6). Where the ninhydrin reagent was used for color development 
on the paper, the paper was dipped in the reu,ent made with 100 mg. 
ninhydrin in acetone containing 10 percent isopropyl alcohol and 1 percent 
acetic acid (solvent 8).® 

For volumes greater than 0.25 ml. the ultrafiltrates were desalted 
(except as noted below) by a modification of the Consden et al. (7) proce- 
dure or partially desalted with ethyl alcohol (8). In the latter cases the 
alcohol-water solutions were concentrated to half the original volume in 
a vacuum desiccator to decrease the labor of spotting the solution on paper. 
No more than the equivalent of 2 ml. of the original serum was put on the 
paper at any onetime. Even this quantity gave some trouble in excessive 
loading of the paper with those amino acids present in large quantities. 

Ultrafiltrates were also examined without desalting by means of buffered 
papers (9). Since the papers were loaded with the salt from the buffer 
it was hoped to minimize the effect of the salt of the ultrafiltrate. The 
runs with the buffered papers were made primarily to determine whether 
the desalting procedure had had adverse effects on the amino acids. The 
use of buffered papers was never very satisfactory owing to diffuseness 
of the spots after ninhydrin treatment; however, except in the instance 
of arginine (10) the results were comparable to those from the electrolytic 
treatment. 

For the two-dimensional work on paper the phenol-water solvent (80% 
phenol w/v) (solvent 10) ascending the paper was preferred. Following 
the removal of the phenol, solvent 6 consisting of tertiary amyl alcohol, 
2,6-lutidine, water, and diethylamine (40-40-19.5—0.5 v) was applied in 
the descending direction. Pyridine (solvent 3) substituted for the lutidine 
in solvent 10 gave better separation of the fast-moving group consisting 
of the leucines, methionine, and phenylalanine. A mixture of the second- 
ary and tertiary butyl alcohols with water (50—12.5-37.5) (solvent 5) was 
useful in separating glutathione and the sulfur-containing amino acids 
(ef. 11-13). 

For the column chromatography, 0.5 ml. of material was used (6). 
This ordinarily represented a partial concentration of the filtrate made up 
of 1 to 10 ml. of the original material, since early in the work it was found 

hat under the conditions of fractionation on the column, each ml. eluate 


* Unless otherwise stated, the solvents were made up by volume percent. 
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from the column when 0.5 ml. of the ultrafiltrate was put on, contained too 
little of some of the amino acids to give a positive test when as much as 
10 wl. were subsequently spotted on paper. 

Hydrolysis of the ultrafiltrates was carried out in sealed tubes at 20 lbs. 
pressure in an autoclave either with HCI-HCOOH (11) or with 3 N HCl. 

In addition to the ninhydrin reagent, diazotized sulfanilamide was 
used for histidine, histamine, tyrosine, and tyramine (11-13); isatin for 
proline and hydroxyproline (12); p-dimethylaminobenzaldehyde for 
tryptophan (14); nitroprusside for methionine (15); naphtholhypobromite 
for arginine (16) ; platinic iodide for cystine and glutathione (11); and phos- 
photungstic acid for cystine (11). In keeping with the experience of 
others (17-19) with other material, these reagents were not found gener- 
ally superior to the ninhydrin reagent in sensitivity, but simply more 
specific in localizing the spot. The quantity of tryptophan present was 
such that it was never detected with certainty in eluate from the column 
or in the usual amount applied to the paper. It was tested for directly 
in the filtrate by the Spies-Chambers Procedure D (14), since this seemed 
to give both the free amino acid and the tryptophan combined. 

Urea was estimated either by the Archibald procedure (20) or by hydrol- 
ysis and nesslerization (21). On the paper chromatograms it was esti- 
mated by hypochlorite-phenol (22). In subjecting the ultrafiltrates to 
the acid hydrolysis to estimate conjugated amino acids, urea was also 
hydrolyzed in the usual procedure. In the ninhydrin photometric pro- 
cedure the resulting ammonia had to be corrected for; when the carbon 
dioxide titrametric (23) ninhydrin procedure was used the ammonia did 
not interfere and the correction for intact urea prior to hydrolysis was 
small. More serious than the formation of ammonia from urea was the 
Strecker-Wulff (24-26) decomposition undergone by purines to yield 
glycine and ammonia. The correction on the conjugated glycine figure 
made necessary by this decomposition adds to the uncertainty of the gly- 
cine results. NPN (nonproteia nitrogen) was estimated by direct oxida- 
tion with hypobromite (27). Deamination of alanine to acetaldehyde (28) 
and of glycine to formaldehyde (29), and the subsequent estimation of 
these aldehydes as such, were used as supplementary methods for these 
two constituents. Glutamine was estimated by hydrolysis after separa- 
tion on paper (30). The latter procedure gave replicate analyses more 
nearly in agreement than did the ninhydrin method. The better agree- 
ment as well as better recovery of added amine was presumably owing 
to elimination of interference by alanine and arginine, which on the paper 
tended to overlap the glutamine location. Alanine likewise overlapped 
in the fraction from the starch column. 


Resuits 


Table 1 lists the gross quantitative distribution of the nitrogen in the 
ultrafiltrates. The total is no more than approximately 3.5 percent of the 
nitrogen in the whole serum. About 60 percent of the nonprotein nitro- 
gen appearing in these ultrafiltrates is made up of free and conjugated 
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TABLE 1.—Total nitrogen of horse serum and of fractions derived from the serum 





1. Serum total nitrogen. . . 
2. NPN by trichloroacetic a 
serum 


Nature of sample 


Experiment No. f 








3. NPN in serum ultrafiltrate . 
4. Urea nitrogen of ultrafiltrate 


5. Uric acid nitrogen of ultrafiltrate . 

6. Creatinine nitrogen of ultrafiltrate 

7. Amino nitrogen of ultrafiltrate (ninhydrin) 
8. Amino N after acid hydrolysis of ultrafil- 


trate. 


9. Amino N in trichloroacetic acid extract of 


~ + 
serum}. 


10. Amino N 


cid extraction, | 


in 80% alcohol extract of serum. . 


1 3 | 5 | 10 


| 


(mg. per 100 ml.) 


1321* | 1147* | 1095* 1327* 


33* 32* | 30* 27* 
32 32 29 26 
14 12 13 12 
ah ce eee 0. 1 
0. 4 0. 4 | oe 0. 4 
6. 1 4.4 | 4.0 | 3. 5 
13. 6 9. 7 9.3 8. 0 
7.2 5. 6 3. 6 
6.3 4 3. 5 





*We are indebted to Dr. W. C. Alford of the National Institute of Arthritis and Metabolic Diseases for these 


analyses, by the Kjeldahl digestion technique (3). 


tThe analytical data of table 2 is from the serum lots for experiments 3 and 5. 
tThe trichloroacetic acid was removed with ether prior to estimation of the amino nitrogen. 


TABLE 2.—Amino acids of horse serum ultrafiltrates (erpts. 3 and 5) 














| 
Amino acid Free | Total ‘ae 
| (ug. per ml.) 
1. Alanine. ee -| 380 50 20 
2. Aminobutyric acid . il 4 (4)* 0 
3. Arginine ; -| 20 35 15 
4. Asparagine , 3 (3) * 0 
5. Aspartic acid <A 5 10 5 
6. Cystine. ... a 10 13 3 
7. Glutamic acid . 5 5 55 10 
8. Glutamine : 40 (0)* 0 
9. Glycine. ; 8 18 10 
10. Histidine . .| 14 29 15 
11. Hydroxyproline -| 2 (6) * 4 
12. Isoleucine . | 17 37 20 
13. Leucine. -| 2 40 20 
14. Lysine ‘ : 30 50 20 
15. Methionine . . 4 (9)* 5 
16. Ornithine . 7 (7)* 0 
17. Phenylalanine . 14 14 0 
18. Proline . 5 10 5 
19. Serine. 5 15 | 10 
20. Taurine 3 (3)* | 0 
21. Threonine 21 | 386 | 15 
22. Tyrosine 15 | 35 20 
23. Tryptophan . ‘ 11 21 10 
24. Valine ‘ | 25 30 5 
Total amino N (mg./100 ml.) | 4.0 8. 0 | 2.8 


- | 
} 





*There was either no “conjugated’’ material detected on these or else they are regarded as doubtful when appar- 
ent increase is recorded. 
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amino acids. The increase in amino nitrogen following hydrolysis of the 
ultrafiltrate presumably represents part of the portion derived from the 
nonprotein conjugates. Nearly half the total amino nitrogen of the ultra- 
filtrate is thus in the conjugated form. The two lowest lines of table 1 
(items 9 and 10) list the amino nitrogen content of trichloroacetic acid 
extracts (1 vol. serum, 9 vol. TCA of such concentration as to be 10 per- 
cent after mixing; extraction time 30 minutes) and ethanol extracts (1 vol. 
serum into 9 vols. ethanol in such concentration as to be 80 percent after 
mixing; extraction time 30 minutes) of the serum. While these data have 
little pertinency to the immediate problem, they were obtained to see how 
our preparations compared with those from other species in this respect, 
as presented in the literature (19, 31, 32). 

Table 2 contains a summary of the quantities of free and conjugated 
amino acids from ultrafiltrates of the serum samples used in experiments 
3 and 5 of table 1. 


Discussion 


The free amino acids and amines found in the serum ultrafiltrates are 
not remarkably different from those found in the serum of other species 
following the use of the usual deproteinizing techniques, (19, 28, 29, 31, 32). 
The relatively large amount of amino acids appearing in the “conjugated” 
fraction following hydrolysis of the ultrafiltrate is proportionately greater 
than has been reported for serum of other species (31, 32). Most of the 
results reported by other workers were obtained by deproteinizing tech- 
niques other than ultrafiltration. It seems improbable that the procedure 
for protein removal is the primary cause of the difference or that species 
differences are involved to any extent. Some of the more recent studies 
such as those of Christensen (31, 32) show that the nonprotein conju- 
gated amino acids of serum are in greater concentration than in the 
similar fraction in plasma. It seemed desirable to compare ultrafiltrates 
from serum prepared by the usual static clotting of the blood with those 
of our routine procedure, for their content of gross free and total amino 
acids. Individual blood samples for serur from 6 horses ordinarily used 
to furnish the pooled serum for the routine tissue culture program were 
collected in 50-ml. centrifuge tubes and allowed to clot at 5° C. Analyses 
for amino acids before and after hydrolysis of their ultrafiltrates are 
shown in table 3. Because of the small volume involved (25 ml.) the 
ultrafiltrations were not carried out with the Simms (2, 3) filtration 
apparatus used customarily, but with an apparatus similar to that used 
by Greenberg and Gunther (33). The membranes used were likewise 
those used by these workers. Table 3 shows that under these circum- 
stances the amino acids liberated by acid hydrolysis are in lower concen- 
tration in the serum ultrafiltrates than in our regular experimental 
material from the stock serums. 

The question arose as to how the serum ultrafiltrates would compare 
with similar ultrafiltrates of plasma, the more especially since the work of 
Christensen (32) already cited indicated that plasma had a lower content 
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TABLE 3.—Amino acid nitrogen in ultrafiltrates of serum* from individual horses 





Mg. per 100 ml. ultrafiltrate 








Donor m : 
F ee Total | Conjugated 
Skee een eee ae 3.7 5.3 | 1.6 
RE eee 3.9 a7 i 0.8 
atria cautery wich tater 3. 7 6.5 | 2. 8 
) SEE A rare epee 4.5 | &.7 1.2 
Mai hy kara ae ae 3. 9 | 6&1 | 2. 2 
— ERAGE: 5.0 | 69 | 4L9 





*This serum was prepared by allowing the blood to stand without stirring during the clotting process. The 
clot was removed by centrifugation. 


of conjugated amino acids. Conditions at the horse stable did not lend 
themselves well to the collection, ultrafiltration, and prompt analysis of 
plasma. Accordingly plasma was secured from seven cats in the laboratory 
and the results for conjugated and free amino acids are shown in table 4. 
The ultrafiltrates for these plasma samples were prepared by the Green- 
berg and Gunther procedure already mentioned. The results in table 4 
show that plasma contains very little conjugated material that is able 
to appear in the ultrafiltrates. These data included in tables 3 and 4 
have little pertinency to the practical problem with which we are con- 
fronted: namely, what are the concentrations of amino acids and conju- 
gated amino acids in the ultrafiltrates used for the tissue culture work. 
However, it seemed worth while to have the data for comparison with 
data from the literature on free and combined amino acids of plasma and 
serum obtained by the usual deproteinizing techniques. This would 
appear to rule out any unusual finding owing to ultrafiltration itself. 

One source of the conjugated amino acids of serum would appear to be 
the fibrinogen conversion to fibrin. Recently Lorand (34), Laki (35), 
Kowarzyk (36), and Bettelheim and Bailey (37) have reported that there 
is liberation of peptide or nonprotein nitrogen on clotting of fibrinogen by 
thrombin. These workers have reported that the nonprotein nitrogen so 


TABLE 4.—Amino acids in the ultrafiltrates from plasma of cats 











Mg. amino nitrogen per 100 ml. 
Donor 
Free amino |Total amino, Conjugated 
N N | amino N 
| 
cea oat warren ae 3.5 3. 6 0.1 
Divi weaes ears 3. 4 3. 7 0.3 
Be Sede vcwned karate 3. 4 3.7 0.3 
ak cueadmenenas 3. 3 3. 5 0. 2 
SS ae ee a7 4.1 0. 4 
VO ee 3.5 3. 6 0. 1 
Wid scalar ene ee 3. 8 3. 9 0. 1 
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liberated constitutes a minimum of 3 percent of the fibrinogen nitrogen 
originally present. Analysis of A.C.D. Plasma (38) from our horses gave 
320 mg. fibrinogen per 100 ml. plasma. Hence one would expect to find 
1.5 mg. amino nitrogen from this source alone. Lorand (34) showed that 
ordinarily special techniques had to be used to remove all of the ‘‘fibrino- 
peptide” ’ from the fibrin clot. 

The variability of the amount of conjugated amino acids found during 
the static clotting of the blood to form the serum under the circumstances 
of the data of table 3 must reflect primarily variability in completeness of 
extrusion of the “fibrino-peptide” from the clot as it forms. Laki (35) 
has evidence that the nonprotein nitrogen formed during the clotting 
process is not a single peptide. However, one peptide with a molecular 
weight of 6 to 8 thousand makes up 80 percent of the newly formed 
material. The large membrane used on the Simms filter (3) allowed the 
passage of 90 to 97 percent of aqueous inulin [mol. wt. 5,100 (39) when 
tested after use for the serum filtration. The Einstein-Stokes diffusion 
radius of the inulin molecule is 15 A (40). It would therefore be expected 
that the pore diameters of the membranes are of sufficient size to allow 
passage of the larger “‘fibrino-peptide’”’ when present. The membranes 
made according to the directions of Greenberg and Gunther were more 
porous than those used on the Simms filtration apparatus. They allowed 
the passage of 100 percent of aqueous inulin and were barely impermeable 
to ovalbumin.® 


Summary 


Protein-free ultrafiltrates from horse serum have been analyzed for total 
free and conjugated amino acids by means of column and paper chroma- 
tography supplemented by photometric and titrametric measurements. 

The ultrafiltrates contained, as conjugated or free amino acids, approxi- 
mately 2 percent of the total nitrogen of the whole serum. 

The conjugated amino acids of the ultrafiltrates were present in con- 
siderably greater quantity than have been reported for various plasma 
preparations where the proteins were removed by precipitating agents. 

By comparison with known amino acids, the following were identified 
and estimated in the ultrafiltrates: alanine, a-aminobutyric acid, arginine, 
asparagine, aspartic acid, cystine (as cysteic acid), glutamic acid, gluta- 
mine, glycine, histidine, hydroxyproline, isoleucine, leucine, lysine, methio- 
nine, ornithine, phenylalanine, proline, serine, taurine, threonine, tyrosine, 
tryptophan, and valine. 

At least two peptides were present; the total conjugated amino acid 
concentration (5.5 mg./100 ml.) was slightly greater than the total free 
(4.5 mg./100 ml.). The sum of identifiable amino acids was less than 
these totals, presumably owing to loss during processing on the starch 
columns and during the paper chromatography. 

7 “Fibrino-peptide” is the name given by Lorand. Laki (35) has designated it as ‘“‘co-fibrin.”” 
§ About 10 percent of the Greenberg and Gunther type membranes allowed the passage of part of an ovalbumin 


solution. None allowed a crystallized bovine serum albumin to pass into the ultrafiltrate. Those permeable 
to ovalbumin were not used in the study. 
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The Effect of Riboflavine on the Me- 
tabolism of 2-Acetylaminofluorene-9- 
C"“ in Rats!” 


Joun H. Weisspurcer, Evizasetn K. Weispur- 
GER, and Harotp P. Morris,’ National Cancer 
Institute, Bethesda, Md. 


It is well known that the riboflavine content of the diet has a decided 
influence on liver carcinogenesis induced by certain amino azo dyes (1). 
High riboflavine levels exert a protective effect, inhibiting the develop- 
ment of liver tumors. The effect is thought to be due to the ability of the 
flavine-adenine-dinucleotide to cleave reductively the azo dye to non- 
carcinogenic amines (2-4), an effect that is also noted in liver slices. This 
cleavage may also be the explanation for the lower levels of protein-bound 
dyes in the livers of rats receiving riboflavine supplements (4). 

However, the effect of riboflavine on 2-acetylaminofluorene (2-AAF) 
carcinogenesis and metabolism has not been definitely elucidated. Wilson, 
DeEds, and Cox (6) found that enrichment of the diet did not influence 
the time of development of 2-AAF-induced tumors. Harris (7) and Engel 
and Copeland (8) observed no influence of riboflavine on tumor production 
by 2-AAF. Gutmann et al. (9), using a colorimetric method, reported 
that riboflavine depletion had no appreciable effect on the metabolism of 
2-aminofluorene. 

On the other hand, Allison et al. (10) reported symptoms of riboflavine 
deficiency in dogs fed 2-AAF. Raising the level of dietary riboflavine 
increased the excretion of conjugates of 2-aminofluorene (11) and non- 
volatile phenols. In rats, a high riboflavine level in the diet protected 
against deficiency symptoms when 2-AAF was fed (1/2), although the 
presence of dietary protein was also necessary. Griffin et al. (13) and 
Laird and Miller (14) observed a depletion of protein and riboflavine in 
the livers of 2-AAF-fed rats. 

The investigation reported here was undertaken to determine whether 
or not the riboflavine level of the diet influenced the metabolism of 
2-acetylaminofluorene-9-C™, or the binding of the carcinogen or its 
metabolites to tissue proteins. 


1 Received for publication February 8, 1954. 

2 Presented in part at the 44th annual meeting of the American Association for Cancer Research, Chicago, Ill., 
April 9-11, 1953. 

8 The authors gratefully acknowledge the assistance of Mr. Joel Garbus in carrying out the combustions. 

4 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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Methods 


A group of female Buffalo strain rats (15) was kept on a riboflavine- 
deficient diet for seven weeks before the start of the metabolic experi- 
ments. The composition of the diet was as follows: Casein 360 gm., 
cerelose 390 gm., salt mixture 45 gm., lard (fortified with vitamins A and 
E) 10 gm., lard 190 gm., choline 5 gm.; a vitamin mixture (riboflavine- 
free), consisting of folic acid 10 mg., biotin 1 mg., vitamin B, hydro- 
chloride 20 mg., B, 40 mg., niacin 200 mg., and calcium pantothenate 
140 mg., was added to a portion of the cerelose. The initial weights of the 
rats varied from 110 to 120 gm. All the rats lost approximately 20 percent 
of their body weight and exhibited characteristic symptoms of ribo- 
flavine deficiency after seven weeks on the deficient diet. Two of the 
rats, fed 5 mg. of riboflavine daily for a week before the metabolic experi- 
ments, had regained their initial weights and appeared normal. These 
two rats are referred to as riboflavine-supplemented animals. 

A normal rat (R25) on a stock diet, two riboflavine-deficient rats (R26 
and R27), and the two riboflavine-supplemented rats (R28 and R29) 
were each given, by stomach tube, a dose of 9.18 mg. of 2-AAF-9-C* 
(18 X 10° counts per minute) in 0.5 ml. of propylene glycol. The rats 
were kept in individual glass metabolism cages and allowed food and 
water ad libitum. Each rat was anesthetized with ether at the end of 
36 hours and killed by heart puncture, as much blood as possible being 
withdrawn into a heparinized syringe. The animal was dissected as 
quickly as possible and the organs, except for the gastrointestinal tract, 
perfused with physiological saline solution, blotted off, weighed, and 
homogenized. The acetate-buffer soluble and insoluble proteins were 
obtained according to the procedure published earlier (16). The stomach 
and small intestine were cut open, the contents removed carefully, and 
the organs rinsed off with water before being homogenized. The homog- 
enates and the acetate-buffer (pH 4.5) soluble and insoluble proteins 
from each of the organs were finely ground in aqueous ethanol and plated 
under standardized conditions on glass plates for direct counting. 

Such direct plates always contained less than 1 mg. of material per 
square centimeter of area. By combustion of representative samples it 
was found that a factor of 1.7 + 0.1 converted the direct-plate counts 
to the number of counts obtained by combustion. All counts obtained 
by direct plating of proteins were therefore multiplied by 1.7 to make all 
the data directly comparable. 

The radioactivity of the feces and of the contents of the gastrointestinal 
tract was determined by the wet combustion technique (17). 

Aliquots of the urines were subjected to one-dimensional paper par- 
tition chromatography in a solvent mixture composed of three parts of 
sec-butanol and one part of 3-percent ammonium hydroxide. Radio- 
autographs were made of the paper chromatograms using Kodak No- 
Screen X-ray film. 

Portions of the urine, adjusted to pH 6, of the normal rat (R25), a 
mixture of the urines of the two riboflavine-deficient rats (R26 and 
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R27), and a mixture of the urines of the two riboflavine-supplemented 
rats (R28 and R29) were extracted separately with ether for five hours 
in a continuous liquid-liquid extractor. Similar extractions were per- 
formed on portions of urines made 3 N by the addition of concentrated 
hydrochloric acid and hydrolyzed for one hour on a boiling water—calcium 
chloride bath (bath temperature 103° C.). The urine hydrolysate was 
adjusted to pH 6 by addition of ammonium hydroxide and sodium 
acetate. Aliquots of urine were also subjected to the action of bacterial 
8-glucuronidase (Sigma) for 9 hours at pH 6.2, after which extractions 
were carried out. 
Results 


The animals were necropsied after 36 hours, because previous work 
from this laboratory on normal animals had shown that by then the 
peak of the excretion of radioactivity had already occurred, yet the 
organs retained sufficient radioactivity to yield significant data on protein 
binding. Hence the 36-hour period allowed adequate time for all stages 
in the metabolism of the injected carcinogen to occur. 

The blood level of the radioactivity was approximately the same for all 
rats (table 1). The urinary radioactivity tended to be slightly lower in 
the riboflavine-deficient rats than in the normal or riboflavine-supple- 
mented animals. The amount of activity excreted in the feces varied 
somewhat in the experimental groups. There was no significant difference 
in the activity of the other organs analyzed, with the important exception 
of the gastrointestinal tract. 

The activity in the stomach contents of the control rats® in actual 
counts per minute was only 5,400, whereas that in the stomach contents 
of the two riboflavine-deficient rats was 6,500,000 and 1,400,000, respec- 
tively. A very significant increase in activity was thus found in the 
riboflavine-deficient rats. The activity in the stomach wall of the defi- 
cient rats was many times greater than in the control. The activity in 
the wall and contents of the small intestine of the deficient animals was 
also increased over that in the control. The stomach and small intestine, 
including their contents, of the riboflavine-supplemented rats showed an 
activity slightly higher than that of the control rat but considerably lower 
than that of the deficient animals. Hence, the passage of radioactivity 
through the upper gastrointestinal tract was delayed in the riboflavine- 
deficient animals. The mode of action of riboflavine in affecting absorp- 
tion of radioactivity after oral intubation of 2-acetylaminofluorene-9-C™ 
is open to speculation. It is suggested that riboflavine deficiency inter- 
feres in some unexplained way with the absorption of this compound, 
and that one week of riboflavine supplementation was insufficient to 
correct entirely such interference. 

The slower absorption of radioactivity in the riboflavine-deficient 
animals was reflected in a slightly decreased excretion of the radioactivity 

5 Similar low activities of the stomach contents were obtained in other experiments with normal animals, pro- 
vided a standard procedure was followed. This consisted in withdrawing food from the rats for a period of 6-12 


hours so that the labeled carcinogen was administered into a practically empty stomach. Food was made avail- 
able immediately after the intubation of the compound. 
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TABLE 1.—Distribution of radioactivity as percent of dose* 





Nor- Riboflavine- Riboflavine- 
mal deficient supplemented 
rat rats rats 





R25 R26 R27 R28 R29 








RM are ok Seo oa sari d wast ies ape Ra ehanata 0. 01 0. 01 0. 01 0. 02 0. 03 
EEGs egerce eee nme ae ney Sper ae 0. 01 0. 01 0. 03 0. 02 0. 03 
eng afar rh aoc cw ha is ance ee Rae 0. 04 0. 06 0. 04 0. 06 0. 07 
IN occas chk cia gies WA dg OBO SLace wove oe maha 0. 2 0. 4 0.3 0. 2 0. 3 
a be RICE ESATA Ae neater ar Oy Noes aaners oe 2 2 3 1.0 1.2 
ES Eee chert eee 0. 03 1.2 1.2 0. 06 0. 2 
TD aos os 5 shale ete erellelnce 0.03 36 7.8 0.3 1.8 
NN ee ee 1.0 3.3 4.9 3 2s 
Small intestine contents................. 1.0 1.9 3. 5 0. 5 2. 8 
ee ral inst pratt iS Goal sioradaik erhwara hi 2.5 2. 6 3. 0 2.9 3.1 
|RSS EPID Sa ene Ries eng ren Meno tr 64 54 59 63 68 
ota Wig harass ae eS 6k ae aS ee 20 5. 3 15 21 6.9 
IIIS (ica Saterdh tr ot etn anki Semin fe ahaeaa soe beat 90 105 96 90 87 





*Each rat received a single dose of 9.18 mg. of 2-acetylaminofluorene-9-C™ (18 X 10° cpm. or 17 we.) and was 
necropsied 36 hours later. 


in the urine and feces. It is to be noted that the fecal activity of supple- 
mented rat 29 was low, while the urinary activity was high. Simulta- 
neously this rat retained more activity in the stomach contents than the 
other riboflavine-supplemented rat. Thus, there was a slow but pre- 
sumably continuous absorption of radioactive material from the upper 
gastrointestinal tract. Subsequently, excretion (a) in the bile, and 
reabsorption (b) of the activity from the lower intestinal tract, followed 
by excretion (c) by the kidneys occurred. The slowest of these steps in 
this simplified scheme can be assumed to control the over-all excretory 
fate of the metabolites (as measured by radioactivity in this work). If 
step (6) is slower than (a), or if (c) is lower than (a) and (6), much of the 
activity will be found in the feces. However, if (6) and especially (c) are 
large compared to the amount of material made available for metabolism 
by absorption from the upper gastrointestinal tract, most of the metabo- 
lites will be shifted to the urine. The data for the normal rat exemplify 
a case where gastrointestinal absorption was larger than either (6) or (c); 
hence, an appreciable fraction of the activity appeared in the feces. The 
above-cited illustrations support our earlier observation (16) that there is 
a maximal capacity of the organs to metabolize the carcinogen. 

The radioautographs (fig. 1) of the paper chromatograms of the urines 
of normal, deficient, and supplemented rats each showed the presence of 
twelve spots, indicating no qualitative difference among the experi- 
mental groups. So far as the solvent system permitted the resolution 
of the various compounds produced in the course of the metabolism of 
2-acetylaminofluorene, the chromatograms suggest that the same metabolic 
products are excreted in the urine irrespective of the dietary riboflavine 
level in the rats. The metabolites of high R; value produced spots of 


Journal of the National Cancer Institute 





RIBOFLAVINE AND 2-AAF METABOLISM 41 


less density, however, than the compounds with low R, value in the 
riboflavine-deficient rats when compared to the riboflavine-saturated 
and normal rats. The radioautographs suggest that the deficient rats 
produced relatively more of the water-soluble conjugates and less of the 
organic-phase-soluble compounds. 

That there is a quantitative difference in the excretion of certain 
radioactive conjugates is borne out by the ether extraction experiments. 
The tabulated results (table 2) indicate that the urine of the riboflavine- 
deficient rats contained less activity in the ether-soluble material than 
did the urines of the normal or enriched animals. The situation was 
reversed after either acid or glucuronidase hydrolysis; more activity was 
present in the ether-soluble material in the hydrolyzed urine of the 
deficient rats than in the hydrolyzed urines of the normal or riboflavine- 
enriched rats. Thus, the experiments indicate that the riboflavine- 
deficient rats excreted more acid- and glucuronidase-hydrolyzable conju- 
gates than rats fed adequate amounts of riboflavine. The slower absorp- 
tion of radioactivity may be the cause of this different excretory pattern, 
because the organs metabolizing the carcinogen are required to handle 
smaller amounts of the compound per unit time. Therefore, a larger 
proportion of the chemical is converted to conjugates of hydroxylated 
derivatives. A similiar relationship of dose to metabolites formed has 
been reported by Morris and Westfall (18), who found that the amount 
of diazotizable material recovered was related to the amount of 2-acetyl- 
aminofluorene given in a single dose. 


TABLE 2.—Radioactivity of urines after ether extraction at pH 6* 

















} 
| P R26-27 R28-29 (sup- 
R25 (normal) (deficient) plemented) 
Urine 
Aqueous | Ether | Aqueous | Ether | Aqueous | Ether 
phase | phase; phase | phase} phase | phase 
= 
Wis cea chili coeusioues 67 | 33 74 26 59 | 40 
} | 
Acid-hydrolyzed................ 29 71 19 81 37 | 62 
Glucuronidase-hydrolyzed........ 35 | (64 | 24 75 33 | 67 














* Figures represent percent of total recovered radioactivity in each liquid fraction. Recovery in all cases ranged 
from 95-105 percent, except in the acid-hydrolyzed fraction when 65-75 percent of the urinary activity was recov- 
ered as the sum of both fractions. A black precipitate which formed during acid hydrolysis contained some 
activity. 


It is also noteworthy that the urine of the riboflavine-supplemented 
animais contained more of a type of metabolite that is preferentially water 
soluble and is not hydrolyzed to an organic-solvent soluble compound 
under the conditions where amides, esters, sulfate and glucuronic acid 
conjugates would be split. 

The proteins isolated from all the organs studied were radioactive 
(table 3). This may possibly be correlated with the widespread distribu- 
tion of radioactivity from 2-AAF-9-C" or its metabolites (19, 20). The 


Vol. 15, No. 1, August 1954 








42 WEISBURGER, WEISBURGER, AND MORRIS 


TABLE 3.—Specific radioactivity of acetate-buffer soluble and insoluble proteins * 





Nor- | B,-deficient B.-supple- 




















—y rats mented rats 
Organ Proteins - 
| 
| | } 
| | R25 | R26 | R27 | R28 | R29 
Sple PMc. 2 Tmt Hei tl Oe 
alia alia dal Insoluble. ...... 11 | 2 | 30 | 24 | (22 
Soluble........., 32 | 68 | 56 | 27 | 20 
NN ener cnterensnitiy os aaa 7.0] 92] li | a 8. 5 
| | | 
— Soluble.........| 39 | 87 | 75 | 44 | 54 
Penge eA rennew hrs tate | Insoluble. ...... 20 | 22 | 2 | 20 | 2 
| | j 
Kidnevs \fSoluble.........]| 87 | 155 | 100 | 93 | 110 
arene Coenen a wees ‘| Insoluble....... | 60 | 8&7 87 | 75 87 
| | | 
Live {sotube.........| 182 | 163 | 119 | 154 | 182 
initialed icin hia |Uinsoluble sition ae’ 144 | 116 | 116 | 117 136 
' , \fSoluble......... et weiwnti@W®i wf 
OEM a0 + + 00 + wees n'e insolubie naien anal i3 | 27 | 49 | 300 | 27 
, eae Soluble.........] 115 Yo. | 440 oo, | 590 
Small intestine........ encienis apa 119 \o30t | 500 \isot 360 





*Data in counts per minute per mg. of dry protein. 
tTotal protein (see text). 


protein-bound radioactivity of an organ in the experimental groups did 
not seem to be related to the dietary level of riboflavine. The variations 
in the specific activity were random in nature and not related to the 
vitamin level. The gross activity present in the homogenates of stomach 
and small intestine was considerably higher in the deficient group, while 
the activities of the proteins were similar. This indicates that the activity 
in the stomach was unabsorbed material rather than bound activity. 

The activity bound to the acetate-buffer insoluble protein was in gen- 
eral lower than that bound to the acetate-buffer soluble protein. There 
was also more variability in the activity of the soluble proteins than in 
that of the insoluble proteins. In two cases (R26 and R28) the soluble 
and insoluble proteins of the small intestines could not be separated for 
technical reasons; the specific activity reported refers to the total protein. 


Discussion 


Studies on the effect of riboflavine on carcinogenesis by 2-acetylamino- 
fluorene have shown that this vitamin does not seem to influence the course 
of tumor formation (7, 8). Preliminary experiments (21) in this labora- 
tory indicated that tumors arise in Buffalo strain rats on a high riboflavine 
level (10 mg. per kg. of diet) as frequently and at similar sites as on a 
dosage of 1 or 2 mg. per kg. of diet. However, most of the animals on 
the lower riboflavine dosage died within 4 weeks, owing to an apparently 
higher toxicity of the carcinogen to the rats receiving less dietary ribo- 
flavine. The few survivors developed tumors. The higher toxicity of 
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2-AAF in the chronic feeding experiments may have been due to the ac- 
cumulation of the carcinogen in the upper gastrointestinal tract, resulting 
in its slow but continuous absorption and subsequent release in the 
organism. 

There was no significant qualitative difference between the groups fed 
low, normal, or high amounts of riboflavine with regard to the blood and 
the protein-bound radioactivity. The quantitative variation between the 
organic-solvent soluble and water-soluble metabolites excreted in the 
urine by the riboflavine-deficient and the supplemented animals did not 
necessarily reflect carcinogenic action but may merely have been an ex- 
pression of the delayed absorption of the chemical by the deficient rats, 
resulting in slightly shifted metabolic pathways. 

If the organ(s) metabolizing AF or AAF receives smaller amounts of 
the compounds because of a slower absorption, then a larger fraction of 
the carcinogen can be transformed into metabolites which no longer 
diazotize, or which combine to form dyes with lower extinction values (22). 
The data obtained by Gutmann e¢ al. (9), and Allison and Wase (11), 
which indicated that a smaller proportion of the dose measured as diazo- 
tizable material was excreted in the urine by the riboflavine-deficient 
animals, are now understandable in the light of our experiments. After 
Gutmann’s intraperitoneal injection the diazotizable material in the car- 
cass could be expected to reveal the rate of absorption of the injected 
2-aminofluorene. It is to be noted that the 12-hour value for the carcass 
in the riboflavine-depleted animals was 8 percent higher than in the nor- 
mal animals. Moreover, his ratio of diazotizable material at 12 and 4 
hours, respectively, of 0.37 in the normal and 0.62 in the deficient animals 
may represent delayed absorption. It is, however, not quite clear why 
the 4-hour values in the deficient and normal animals should have been 
almost the same—37.20 and 40.34 percent, respectively. 

The “percent conjugated in urine” as reported by Allison and Wase 
(11) is in agreement with our data, if the “conjugated material’’ can be 
defined. 

The presently known urinary metabolites of 2-acetylaminofluorene that 
diazotize and respond to the method of analysis used by Allison and Wase 
are: 2-acetylaminofluorene, 2-aminofluorene, 2-amino-7-hydroxyfluorene, 
2-acetylamino-7-hydroxyfluorene, and the glucuronides of the hydroxyl- 
ated derivatives (23). The hydroxylated derivatives give only about one- 
third of the extinction the free 2-aminofluorene would have at equal con- 
centration (22). The recently reported 2-acetylamino-1- and -3-hydroxy- 
fluorenes, which are also metabolites (24, 25), are not diazotizable under 
the conditions used. Hence, they are not analyzed by the method under 
discussion. Our data show that the relative amount of glucuronides of 
the hydroxylated derivatives is increased in the riboflavine-deficient ani- 
mals. After hydrolysis to the aminohydroxyfluorene, however, these 
compounds give only about one-third of the optical density at equal con- 
centration. The decrease of ‘‘percent conjugated in urine”’ is really the 
composite result of a number of metabolic reactions leading to an increase 
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in the glucuronic acid conjugates, and to a decrease in 2-acetylamino- 
fluorene (the latter is a “‘conjugate’”’ of 2-aminofluorene as measured by 
the Rutgers workers, and this is indeed shown by its dependence on 
pantothenate). Therefore, the total conjugates in terms of 2-amino- 
fluorene seem decreased in the riboflavine-deficient animals.® 

The increased excretion of ‘nonvolatile phenols” (11) by animals re- 
ceiving 2-aminofluorene with a high riboflavine intake may not be actually 
due to an increased excretion of free hydroxylated derivatives of 2-amino- 
fluorene but rather to the composite effect of many compounds.’ Many 
normal and pathologic urinary constituents react with the Folin-Ciocalteu 
reagent used in Volterra’s method (26) for determination of nonvolatile 
phenols. The increased excretion of “urinary carcinogen” (1/1) in dogs 
receiving higher levels of riboflavine may account in part for the increased 
level of “nonvolatile phenol.”” On the other hand the alteration of the 
riboflavine intake may affect the excretion of a normally present urinary 
constituent which is not derived from the carcinogen at all. Any mild 
reducing agent will react with the Folin reagent. 

In contrast to its effect with 2-acetylaminofluorene, riboflavine has a 
powerful and specific effect in preventing liver tumors (1-4) in azo-dye 
carcinogenesis. In this case the vitamin enters into the enzyme system 
responsible for the reduction of the azo bond, thereby lowering the effec- 
tive concentration of the carcinogen. [If this reaction is the sole function 
of riboflavine in azo-dye carcinogenesis, it obviously cannot be expected 
to play a part in the carcinogenic process caused by a molecule like 
2-aminofluorene, which has no azo linkage. 

On the other hand, the increased toxicity of 2-acetylaminofluorene 
for animals on a low riboflavine intake, together with the reported decrease 
in tissue riboflavine (12, 13) with 2-acetylaminofluorene administration, 
suggest that the carcinogen affects the metabolism and function of ribo- 
flavine. It is possible that 2-acetylaminofluorene or a metabolite thereof 
acts as an antimetabolite to riboflavine, usurping the coenzyme’s place, 
but not its function, in a vital enzyme system. It is, however, puzzling 
that riboflavine retention occurs (10) with 2-acetylaminofluorene feeding 
where riboflavine excretion would be expected as a result of its displace- 
ment (27), yet the organs analyzed also contained less riboflavine in 
carcinogen-treated rats than in normal controls. An explanation for 
this phenomenon might be found in the conversion of riboflavine to a 
compound or compounds not revealed by the methods of analysis used. 


Summary 


The fate of radioactivity 36 hours after a single oral dose of 2-acetyl- 
aminofluorene-9-C was studied in normal, riboflavine-depleted, and 
riboflavine-supplemented rats. 


*J. B, Allison, R. W. Wannemacher, Jr., and J. F. Migliarese, in a publication (Diet and the metabolism of 
2-aminofluorene; J. Nutrition 52: 415-425, 1954) which appeared while this paper was in press, indicate that low 
riboflavine levels decrease ‘‘ether- and acid-soluble amine and ether-soluble conjugated amine . . .”” and increase 
a “water-soluble, heat-labile amine.” 

7 We have observed in this laboratory that glucuronic acid, 2-aminofluorene, 2-acetylamino-7-, -3-, and -1-hy- 
droxyfluorene, 2-amino-7-, -3-, and -1-hydroxyfluorene all give a definite test with the Folin-Ciocalteu reagent. 
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The radioactivity of the upper gastrointestinal tract was significantly 
higher in the depleted animals than in the riboflavine-supplemented 
or control rats. Riboflavine deficiency thus had a pronounced delaying 
action on the absorption of the radioactive material. The distribution 
of radioactivity for the other organs and tissues was similar for all the 
rats. The deficient animals excreted a larger proportion of water-soluble 
metabolites such as glucuronides of the hydroxylated compounds, and 
a smaller amount of ether-soluble compounds such as 2-aminofluorene, 
2-acetylaminofluorene, and monohydroxylated derivatives thereof. 

All the acetate-buffer soluble and insoluble proteins isolated from 
various organs were radioactive. The soluble proteins usually had a 
higher specific activity than the insoluble proteins. Changes in the 
riboflavine level had no appreciable effect on the protein-bound activity 
of the tissues studied. 
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PLATE 7 


Ficure 1.—Radioautograph of paper chromatogram. Aliquots (25 to 50.) of urines 
containing comparable amounts of radioactivity were applied to starting line. 
The chromatogram developed in the solvent system (sec-butanol, 3 parts; 3-percent 
ammonium hydroxide, 1 part) was exposed to Kodak No-Screen X-ray film for 
4 days (5 strips at left) and 5 weeks (5 strips at right). Bars on left side of photo- 
graph give approximate position of spots due to radioactive metabolites. From 
left to right in each group, the strips are the chromatograms, respectively, of the 
urine of a normal rat (R25), two riboflavine-deficient rats (R26 and R27), and 
two riboflavine-supplemented rats (R28 and R29). 
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Studies on Mouse Lymphomas. I. 
Cytology and Nucleic Acid Content ! 


Emma SHELTON, National Cancer Institute, 
Bethesda, Md. 


In recent years there has been an increasing interest in transforming 
solid tumors into ascites tumors. For the cytologist equipped with a 
phase microscope, the ascites tumor represents a continuously available 
source of material which obviates the tedium of fixing and staining pro- 
cedures. For the biochemist who is interested in expressing his data 
quantitatively in terms of cell numbers, the ascites tumor provides a 
tissue composed of discrete cells that can be enumerated as readily as 
the cells of whole blood. 

Two X-ray-induced lymphomas, whose characteristics as solid tumors 
have been described (1), were readily adapted to growth in the ascitic 
form, and the present paper describes the morphology and the nucleic 
acid content of the cells of Lymphoma #1 (L #1) and Lymphoma #2 
(L #2) as ascites tumors. 


Materials and Methods 


Cytology—In establishing the ascites tumors, pieces of solid tumor 
were forced through the perforated plate of a tissue press and the resulting 
tumor mash was diluted with enough 0.85-percent NaCl to make a thick 
suspension of cells. When about 0.25 ml. of the suspension was injected 
intraperitoneally into strain A/HeN mice, ascites tumors invariably 
appeared. In transplanting the tumors, an animal was killed by cervical 
dislocation and a small hole was cut in the exposed abdominal muscula- 
ture. The fluid contents of the peritoneum was transferred with a pipette 
and rubber bulb to a beaker, from which it was sucked into a syringe. 
The injection of 0.2 ml. of ascitic fluid was sufficient to initiate the growth 
of either tumor in the abdomen of a host mouse. Sterile technique was 
used. 

The ascites tumors provided excellent material for cytologic study. A 
small drop of fluid placed between a clean slide and coverslip spread itself 
thinly enough to allow observation of intracellular detail with the highest 
magnifications of the phase microscope. If the coverslip was sealed to 

! Received for publication March 8, 1954. 
2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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- the slide with petrolatum, preparations were obtained in which the cells 
remained in good condition for up to an hour at room temperature. 

Counts of nucleoli were made on cells stained in the following manner: 
A 1-percent solution of pyronine and a filtered, saturated solution of thio- 
nine were prepared in 0.1 M citric acid. These solutions were mixed in 
equal parts for staining the cells of L #2, and in the proportion of 2 to 1 
thionine-pyronine for staining the cells of L #1. About ten drops of the 
staining solution were mixed with two or three drops of the ascitic fluid 
in the depression of a spot plate. A small drop of this mixture placed 
between a coverslip and slide resulted in a very durable, well-stained 
preparation. The cytoplasm of the cells deteriorated with this treatment, 
but the nuclei were well preserved and the nucleoli and chromatin were 
clearly and differentially colored. 

Aceto-orcein squash preparations of the ascites tumor cells were made 
according to an unpublished method (T. S. Hauschka, personal com- 
munication). 

Nucleic acid determinations—The amount of desoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) present in a given aliquot of 
cells was estimated by the method of Schneider (2) and by the method of 
Schmidt and Thannhauser as modified by Schneider (3). The latter 
method proved to be the most convenient for estimating both DNA and 
RNA in the same aliquot, but both methods yielded similar results. 

The procedure used was as follows: Aliquots of ascitic fluid, 1 ml. or 
0.5 ml., were centrifuged and the serum was decanted from the cells. The 
cells were extracted twice with 2.5 ml. of 10% trichloroacetic acid (TCA) 
and the precipitate incubated in 2 ml. of 1 N KOH for 16 to 20 hours at 
37° C., at which time all of the precipitate was dissolved. The DNA and 
protein were precipitated from aliquots of the KOH solution by the addi- 
tion of 0.1 of a volume of concentrated HCl and 1 volume of 5% TCA, and 
the supernatant containing RNA was decanted after centrifugation. The 
precipitate was heated with 5% TCA to dissolve the DNA. RNA was 
measured in the supernate by the orcinol reaction and DNA was deter- 
mined in the TCA extract by the diphenylamine reaction, using the Beck- 
man Model DU spectrophotometer and 1 cm. cuvettes.* 








3 The values for DNA phosphorus were obtained by dividing the E values of the diphenylamine reaction by 
0.020, this number being the average optical density of this color reaction per microgram of phosphorus of several 
samples of highly polymerized DNA. 

The values of RNA phosphorus were calculated from the E values of the orcinol reaction by the following formulae: 
When the Schneider method was used (see 1), 


Eorcinot+0.008—(DNA P per aliquot used X 0.013) 
0.1157 


Eorcinol+0.008 

0.1157 
When the average density of the orcinol reaction was plotted against the phosphorus content (P) of several samples 
of RNA, the slope of the line was 0.1157 and the line intersected the abscissa (P) at 0.008. 

Although there is an extensive literature on the chemical determination of the average amount of DNA in the 
nuclei of cells of many tissues, the author is not aware of the publication anywhere of the exact numerical calcula- 
tion by which such values were obtained. Thus the author is unable to compare the above extinction values with 
any other published account. Until the publication by other workers of the exact calculations by which values 
for DNA are obtained, it will not be possible to compare accurately the nucleic acid content of the nuclei of various 
cell types. 





When the Schmidt-Thannhauser method was used, 
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Before estimating the number of cells present in the ascitic fluid, any 
large cell clumps present in the fluid were removed by straining through 
bolting silk, and the filtrate was caught in a test tube held in crushed ice. 
Samples were taken from this filtrate for nucleic acid determinations as 
well as for estimations of cell numbers. The procedure for enumerating 
the cells was the same as that previously described for counting liver 
nuclei (4), with the exception that duplicate 1:200 dilutions were prepared 
by adding 0.05 ml. of cell suspension to 9.95 ml. of 0.1 M citric acid. 
Nucleic acid determinations were made on L #1 tumors ranging from 11 to 
25 days of age and from the Ist to the 15th generation of transplantation 
as an ascites tumor. Determinations were made on L #2 tumors 7 to 8 
days of age and from the 3rd to the 11th transplant generation in the 
ascitic form. Differential counts on the tumors of the above ages showed 
that the number of nonlymphocytic, nontumor cells present in the fluid 
varied from 2 percent to 5 percent with an average at 3 percent of the 
total cells. These cells, listed in order of decreasing frequency, were 
macrophages, mast cells, and polymorphonuclear leukocytes. Mesothelial 
cells were very rarely present. 


Results 


The growth patterns of the two ascitic tumors were similar to their 
growth as solid tumors, with the exception that the life span of the host 
animals was considerably shorter. Lymphoma #1 produced between 3 
and 10 ml. of clear white fluid with a cell content ranging from 26 to 
260 X 10° cells per ml. The variation in the concentration of cells in the 
fluid was conditioned to a large extent by the number of cells originally 
injected into the animal. The mice lived from 17 to 30 days with a mean 
of about 21 days, depending again upon the number of cells originally 
injected. In the case of L #1, solid tumors were invariably established in 
the region of the mesenteric lymph node, in the pancreas, in the mesen- 
teries, and in the abdominal fat bodies. As the age of the tumor increased, 
gross white clumps composed of a mixture of necrotic and viable cells 
appeared in the fluid. These clumps were removed by straining the fluid 
through bolting silk when a quantitative estimation of the cells present in 
the fluid was desired. 

Lymphoma #2 produced between 0.5 and 1.5 ml. of slightly bloody 
ascites containing between 200 and 500 X 10° cells per ml. The cells 
quickly invaded the blood stream and peripheral organs, following a 
pattern similar to that described for the solid tumor (1). The host 
animals usually lived for 7 to 9 days, although two animals survived for 
18 days. 

Although both tumors were apparently of similar origin and although 
both were essentially lymphoid in character, there were important morpho- 
logic differences between the cells of the two tumors. One of these 
differences was in size. When ascitic fluid was introduced into the 
Petroff-Hausser bacteria-counting chamber, the cells remained suspended 
in the fluid and assumed an undistorted spherical shape. The diameters 
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of 100 such cells of each tumor were measured with an ocular micrometer 
and the volumes were calculated from these measurements. The cells of 
L #2 tended to be more uniform in size than those of L #1 and ranged 
from 8 to 12 uw in diameter with an average of 10 uw. The cells of L #1 
ranged in diameter from 10 to 16 u with an average of 13 ». Calculations 
showed that the volume of the average L #2 cell was 523 y® as compared 
with an average volume of 1,130 y’ for L #1. 

The volume of the cells was largely occupied by a nucleus suspended 
eccentrically in a shell of cytoplasm. In the cytoplasm a few individual 
mitochondria were dispersed at random, but for the most part they were 
concentrated at one side of the nucleus in the space made available by the 
off-center placement of the nucleus. The nuclei of some of the cells of 
both tumors assumed very bizarre shapes, but the occurrence of multi- 
lobed or deeply bifurcated nuclei was much higher in the cells of L #1 
than in those of L #2 (figs. 1-4, 6-9). In addition, 9 percent of the cells 
of L #1 were bi- or multi-nucleated as opposed to 2 percent of the cells of 
L #2 (table 1). 


TABLE 1.—Compilation of quantitative data on the ascites tumors 





Avg. | Avg. Cells with 





cell | cell bid. given number | Cells with given number of nucleoli 
diam- | vol- ‘Auid of nuclei per per nucleus* 
Tumor} eter | ume cell* 
m My x10-¢* 1 2-4 1 2 3 4 5 e 7 





L #1 13 | 1130 26-260 | 1298 1138} 5 45 92 104 58 12 6 
L #2 10 523 | 200-500 | 988 12;}65 1533 59 145 —- — — 




















* Two animals were used for the counts of nuclei; three animals were used for the nucleoli counts. 


In the pyronine-thionine stained preparations, the nuclei of the cells of 
L #1 were quite deeply stained because of the dense network of chromatin 
threads condensed by the treatment with the citric acid. Some chromatin 
threads always were attached to the nucleoli. Again in the case of the 
cells of L #2 the chromatin network was less dense and the number of 
nucleoli per cell was less than in the cells of L #1 (table 1). 

Smear preparations of chromosomes from L #1 and L #2 were made 
with the hope of obtaining a plot of the range of chromosome numbers 
among the cells of the two tumors for comparison with the nucleic acid 
analyses. When it was found that Levan and Hauschka (5) were inter- 
ested in making a detailed analysis of the chromosomes of these lympho- 
mas, the material was turned over to them for that purpose. It was 
found in this laboratory and by Levan and Hauschka that the chromo- 
somes in the cells of L #1 were very difficult to separate, so that accurate 
counting was not possible except in isolated cases. It was, however, 
possible to show that the cells of L #2 contained roughly a diploid number 
of chromosomes (fig. 10), while the cells of L #1 contained at least the 
tetraploid number (fig. 5). 
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Counts of the nucleoli were undertaken because of the difficulty in 
obtaining accurate chromosome counts of the cells of L #1; it was felt that 
the nucleoli counts might give an additional clue to the chromosome 
distribution in the two tumors. Although such data could not be re- 
garded as definitive evidence of heteroploidy (6), they nevertheless had 
an interesting correlation with the known diploid and tetraploid condition 
of the cells under consideration. The distribution of nucleoli in the 
cells of L #1 and L #2 is given in table 1. It can be seen that the nucleoli 
in the cells of L #1 range from 1 to 7 in number with a mode at 4, while 
in L #2 the range is 1 to 4 with a mode at 2. 

Nucleic acids.—The average amounts of DNA and RNA per nucleus in 
both tumors, expressed as micrograms X 10~* of nucleic acid phosphorus, 
are shown in table 2. For comparison with these values, the DNA 
phosphorus content of the nuclei of the solid tumors and of normal 
thymus are also presented.‘ 


TABLE 2.—WNucleic acid content of the cells of L #1, L #2, and normal thymus* 














Avg. DNAP | Avg. DNA P Avg. RNAP | Avg. DNAP 
per nucleus per cell per cell per nucleus 
(uug.) (ung.) (uug.) (uug.) 
Tumor 
Solid tumor Ascites tumor Ascites tumor mee Se 
Bes bs cece 1. 74 + 0. 087 2.97 + 0.176 1. 138 + 0. 045 
(6)f (12) (8) 0.81 + 0.011 
Bi cc csccs 0. 87 + 0.026 | 1.009 + 0.039 | 0.67 + 0.024 (4) 
5 (9) (7) 

















*The reliability of the mean is indicated by the standard error. 
tNumber of determinations made. 

It can be seen that in the case of the solid tumors, the ratio of DNA 
phosphorus in L #1 to that in L #2 is 2.00, whereas in the ascites tumors 
the ratio is 2.94. The values of DNA phosphorus obtained for L #2 are 
essentially the same for both the solid and ascites tumors, whereas the DNA 
value for L #1 in the ascitic form is considerably higher than that of the solid 
tumor. The value obtained for thymus is only slightly lower than that 
obtained for L #2. The RNA content of L #1 is 1.7 times that of L #2, but 
considering that the volume of the cells of this tumor was twice that 
of L #2, the concentration of RNA appears to be of the same order of 
magnitude in the cells of the two tumors. 

Attempts to measure the DNA phosphorus and RNA phosphorus in 
cell-free ascitic fluid met with little success because of an interfering 
substance that was frequently present in the fluid. This substance 

‘ Nuclei from the solid tumors and from the thymus were obtained by passing the tissue through a tissue press 
and taking up the mash in 0.1 M citric acid. The citric acid suspension was allowed to stand in crushed ice for 
}4 hour and then was vigorously shaken for 2 minutes. After centrifuging, the supernatant fluid was decanted 
and fresh citric acid added, and the tube was again shaken. This was repeated until a clean suspension of nuclei 


was obtained. The nuclei were enumerated and the DNA phosphorus determined on aliquots of the suspension 
in the manner described above. 
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produced a reddish-purple color with diphenylamine when the Schneider 
procedure was used. When the Schmidt-Thannhauser method was 
used, the substance appeared to remain for the most part in the super- 
nate after the KOH was acidified. A green color resulted when the 
supernate was heated with orcinol, and while the color produced with 
diphenylamine was blue, the absorption peak was too broad on either 
side of 600 my to be considered accurate. The interfering substance was 
not removed from the original acid-insoluble precipitate by three extrac- 
tions of 5 minutes’ duration in boiling 3:1 alcohol-ether. The few satis- 
factory determinations gave values of from 20 to 60 ug. of DNA phos- 
phorus per ml. of cell-free fluid. Thus the amount of DNA present in 
the fluid left with the cells after decanting was insignificant. 


Discussion 


Although the cells of L #1 and L #2 are both of the lymphoid type and 
superficially rather similar, closer examination shows that the fully 
developed L #2 ascites tumor is composed, on the average, of cells having 
only one-half the volume of the average cell of the fully developed L #1 
ascites tumor. The L #2 cells tend to be uniform in size, to have only 
one nucleus with two nucleoli, and to have a sparse amount of chromatin 
material. The cells of L #1 vary considerably in size; they may have up 
to seven nucleoli per nucleus and rather frequently have either more 
than one nucleus per cell or a large, bizarrely shaped single nucleus. 
In addition, it is definitely established that L #1 can be classed as a 
tetraploid tumor and L #2 as a diploid tumor. The chromosome counts 
performed by Levan and Hauschka (5) show that the cells of L #2 arrange 
themselves closely about a mode of 44 chromosomes, or a slightly higher 
number than the normal diploid number of 40 for the mouse. The 
chromosome number is roughly 80 in the case of L #1, but it has not been 
possible to establish a chromosome “spectrum”’ for this tumor. 

However, an idea of the chromosome “spectrum” of L #1 can be deduced 
from the DNA data. It is not surprising that the DNA values for the 
two tumors do not conform exactly to the 1:2 ratio that would result 
from the comparison of a diploid cell population with a pure tetraploid 
cell population. The rather large variation in cell size, the high number 
of binucleate cells, and the aberrant nuclear shapes observed in L #1 cells 
suggest that the ploidy of the individual cell is equally subject to variation. 
The wide spread of the nucleolar counts also contributes to this impression. 
So although the L #1 tumor may be composed mainly of tetraploid cells, 
apparently there is also a sufficient number of cells containing a higher 
than tetraploid number of chromosomes to weight the average DNA 
content toward a higher value. That this is very likely the case is borne 
out by an analysis of the data published by Klein (7, 8) and by Levan 
and Hauschka (4). 

Klein determined the average DNA content of three ascites tumors 
derived originally from mammary carcinomas, and found that these 
tumors had a much higher average DNA content than three lymphomas 


Journal of the National Cancer Institute 





CYTOLOGY & NUCLEIC ACID CONTENT OF LYMPHOMAS 55 


that were analyzed at the same time. The cells of the mammary car- 
cinomas were large, the nuclei were voluminous, and there was considerable 
variation in cell size; in contrast, the lymphoma cells were small and quite 
uniform in size. These observations were interpreted, in the light of the 
work of others, to indicate that the increased DNA content of the car- 
cinomas was most probably due to the presence of cells with a higher than 
diploid number of chromosomes. Levan and Hauschka confirmed this 
interpretation by counting the chromosomes of a representative number 
of cells of the tumors and recording the frequency distribution of the 
chromosome numbers. They were able to show that the lymphomas 
were diploid tumors and that the carcinomas were tetraploid tumors. 

One can see further from their data that although the frequency distri- 
bution of chromosome numbers of all three of the carcinomas has a mode 
at the tetraploid number of 80, the frequency of cells having more than 80 
or less than 80 chromosomes was different for each tumor, and it is possible 
to relate this difference to the average DNA content of the tumor cells. 
Table 3 shows that the DNA per tumor cell of the three carcinomas is cor- 
related with the percentage of cells having more or less than 80 chromo- 
somes. Thus in the case of 15091a, 50 percent of the tumor cells analyzed 
had more than 80 chromosomes and this is reflected in the high average 
DNA content per tumor cell, whereas the Krebs 2 and Ehrlich tumors, 
with a more balanced chromosome spectrum, have a lower average DNA 
content per cell. 


TABLE 3.—Evaluation of data published by Klein (7) and Hauschka (5) 











Tumor cells below, on, or above 
ns the mode of frequency distribu- 
DN Pp tion of chromosome numbers 
per (Levan & Hauschka) 
Tumor tumor 
cell 
as 35-75 80 85-200 
(Klein) (below (mode) (above 
mode) mode) 
pug. percent percent percent 
DO sc eaccaracvees artes ea ees 2.63 18.3 31.7 50 
i ac pea era oes wae 1.65 20.7 50 29.3 
Nits Oe a a aes 1.37 30.5 35 34.5 

















The cells of L #1 have an average DNA content of 2.97 X 10~* grams 
per nucleus, a value close to that of the 15091a carcinoma (2.63 X 107° 
grams per nucleus) and it does not seem unreasonable to deduce that 
this high value is the result of an admixture of a high percentage of cells 
with over 80 chromosomes. 

The errors in estimating the nucleic acid content of these ascites tumors, 
aside from those inherent in the chemical and counting procedures, were 
related to the presence in the ascitic fluid of varying numbers of normal 
cells. This problem has been extensively treated by Klein and coworkers 
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(7-9). The ideal ascites tumor should be composed of indisputably recog- 
nizable cells which can be enumerated separately from the normal cells so 
that the DNA values can be corrected for variations in the number of the 
latter. Unfortunately, it is not possible in a lymphocytic tumor to dis- 
tinguish with certainty between the normal lymphocyte and the leukemic 
cell, and no accurate measure could be obtained of the degree of contami- 
nation of the L #1 and L #2 tumors with normal lymphocytes. The con- 
tamination of nonlymphocytic normal cells amounted on the average to 
3 percent of the total cells, a figure that is in agreement with the values 
obtained by others [Goldie and Felix (10), Klein (7)], but no attempt was 
made to correct the average DNA values for contamination with normal 
cells of the host. Nevertheless, it was recognized that the presence of 
normal cells could influence an average DNA value, and the average most 
likely to be affected was that of the tetraploid tumor in which an admixture 
of cells possessing half as much DNA per cell would tend to produce a 
lower figure. 

This leads to the discrepancy between the average DNA found in the 
solid L #1 tumor and that found in the ascites tumor (table 2). There 
was a difference of 70 percent between the DNA values of the solid and 
the ascites L #1 tumors, while the difference in DNA content between the 
solid and ascites L #2 amounted to only 16 percent. The reason for this 
discrepancy can possibly be laid to two factors. One factor, already dis- 
cussed above, is the purity of the sample of cells being analyzed. It is 
probable that the dilution of the tetraploid tumor cells with diploid cells 
from the host would be much greater in the case of the solid tumor, where 
vascular endothelium and connective tissue contribute a rather large but 
unknown number of diploid cells, than in the ascites tumor where the 
diploid contribution is at the most 10 percent. But that this dilution 
should amount to as much as 70 percent seems unlikely. Therefore it is 
possible that an additional factor may be involved. It may be that in 
the ascitic environment there is a shift in the cell population toward in- 
creased numbers of cells having more than the tetraploid number of 
chromosomes, which would act to elevate the average DNA content per 
cell. Verification of this could readily be obtained by comparison of 
values obtained by microspectrophotometric measurements of the DNA 
content of the nuclei in the solid and in the ascites tumor. 


Summary 


The cells of the basically tetraploid ascites tumor, Lymphoma #1, vary 
considerably in size, the nuclei vary widely in shape and number, and the 
number of nucleoli per nucleus varies from 1 to7. The cells of the diploid 
ascites tumor, Lymphoma #2, tend to be uniform in size, the nuclei tend 
to be similar in shape, size and number, and the nucleoli vary in number 
from 1 to 4 with a mode at 2. The average volume of the cells of Lym- 
phoma #1 is 1,130 u* as compared with an average of 523 yu’ for the cells of 
Lymphoma #2. The average amount of desoxyribonucleic acid (DNA) 
present in the Lymphoma #1 ascites tumor is three times that of the 
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average present in the Lymphoma #2 ascites tumor, while the concentra- 
tion of RNA appears to be the same in the cells of both tumors. 

The correlation between the morphologic variations in the cells of 
Lymphoma #1 and the average amount of DNA present in the solid and 
the ascites tumor is discussed. 
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PLATE 8 
Lymphoma #1 photographed by phase contrast. X 2,000 


FicureEs 1 to 4.—The diameters of these cells cannot be compared with the diameters 
of L #2 cells appearing in Plate 9, because in these very thin preparations of fresh 
ascitic fluid the cells are never compressed to the same degree. Compare the 
density of the nuclear chromatin and the number and size of the nucleoli in these 
cells with the L #2 cells in Plate 9. Note in figure 4 the abnormal distribution of 
the nuclear material in late telephase. 


Figure 5.—Aceto-orcein smear preparation of an L #1 metaphase plate showing the 
tetraploid number of chromosomes. 





JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 15 PLATE 8 


Shelton 


800212—534——10 








60 SHELTON 


PLATE 9 
Lymphoma #2 photographed by phase contract. < 2000 
Figures 6 to 9.—Cells of the ascitic tumor L #2. Compare with Plate 8. 


Figure 10.—Aceto-orcein smear preparation of L #2 metaphase plate showing the 


diploid number of chromosomes. 
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Desoxyribonucleic Acid Content of Indi- 
vidual Lymphoma #1 and #2 Tumor 
Cells as Determined by Feulgen Micro- 
spectrophotometry * 


Nicuo.tas L. Petraxis and Lois J. Foustap, 
Laboratory of Experimental Oncology, National 
Cancer Institute,? and the Department of Medicine 
and Cancer Research Institute, University of Cali- 
fornia School of Medicine, San Francisco, Calif. 


Biochemical data have been reported on the average desoxyribonucleic 
acid (DNA) content per nucleus for Lymphoma #1 and #2 tumor cells 
by Shelton (1). The present report presents data on the relative DNA 
content of individual L #1 and L #2 tumor nuclei obtained by the micro- 
spectrophotometric technique employing the Feulgen reagent. 


Materials and Methods 


Lymphoma #1 tumor cells were obtained by imprinting cut sections of 
the solid tumor upon microslides. Lymphoma #2 cell smears were ob- 
tained from the ascitic form of this tumor (kindly supplied by Dr. E. 
Shelton, National Cancer Institute). The tumor preparations were fixed 
in absolute methyl alcohol and air-dried. Blood smears of normal cir- 
culating lymphocytes from strain A mice were also taken, for comparison 
of the DNA content of tumor nuclei with intermitotic cells known to 
contain a diploid chromosome number. 

The microspectrophotometric apparatus and techniques employed 
were previously described by Pollister (2), Korson (3), and the author (4). 
Following hydrolysis with 1 N HCl for 12 minutes at 56° C., the smears 
were stained in the Feulgen reagent for one hour. Light of 550 u wave 
length (20 » band width) was obtained from the Beckman Model B spec- 
trophotometer. The exit-slit image was focused onto the stage plane of 
the microscope. Individual nuclei under oil immersion were located, 
projected into the photometric apparatus mounted above the microscope, 
and isolated by means of the iris diaphragm. Measurements of light 
transmission of the nuclei were obtained from nuclear plugs of 0.6 times 
the nuclear diameter, blank areas on the slide of equal size were measured, 
and the percent transmission was calculated for the nucleus. Extinction 
was calculated from the formula E=log 1/7, and the amount of DNA- 
Feulgen dye complex in the nucleus was calculated in arbitrary units from 
the formula DNA=E  X Area/0.6. The lymphocytes and tumor cells 

1 Received for publication March 22, 1954. 
2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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measured were selected at random, and all measurements were made on 
intact interphase nuclei. 


Results 


The average DNA content per nucleus, in arbitrary Feulgen units, in 
circulating lymphocytes was 4.23 + S.E. 0.14. The individual values 
of DNA fell into a single well-defined group, and the average value was 
designated as equivalent to the diploid (2n) DNA content (text-fig. 1). 

The average DNA content per nucleus, in arbitrary Feulgen units, in 
Lymphoma #2 was 5.48 + S.E. 0.18. The individual DNA values were 
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TEXT-FIGURE 1.—The distribution of individual DNA values (in Feulgen units) 
in nuclei of lymphocytes and of L #1 and L #2 tumor cells. 


distributed between the 2n DNA level and twice this value (4n). The 
DNA content of the majority of the nuclei was nearer the 2n level, with 
only a few intermediate values up to the 4n level (text-fig. 1). 

The average DNA content per nucleus, in arbitrary Feulgen units, in 
Lymphoma #1 tumor cells was 12.57 + S.E. 0.28. Individual values 
were distributed from the 4n DNA level to twice this level (8n), with the 
majority of the nuclei possessing intermediate DNA values (text-fig. 1). 


Discussion 


The data on the average DNA-Feulgen content per nucleus indicates 
that L #1 tumor nuclei contain somewhat more than twice the average 
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DNA content of L #2 tumor nuclei, the ratio L#1/L#2 being 2.3. Bio- 
chemical studies of the average DNA phosphorus per nucleus reported by 
Shelton (1) gave ratios of L#1/L#2 from 2 to 3, being higher with the 
ascitic form of L #1. Differences in the average DNA-Feulgen content 
per nucleus obtained by biochemical DNA phosphorus determinations 
and the relative DNA-Feulgen method might be anticipated, since the 
DNA phosphorus measurements are made on large populations of nuclei 
and may be influenced by the presence of nontumor nuclei, polyploid and 
aneuploid nuclei, and nuclear debris. The microspectrophotometric 
technique permits the selection of specific tumor cells and measurements 
are made on intact interphase nuclei, excluding tumor cells in actual 
mitosis. In a population of cells with a high mitotic index, photometric 
measurements confined to intact nuclei might tend to give a lower average 
DNA content per nucleus. The present data obtained by the Feulgen 
microspectrophotometric technique appear to compare favorably with 
data obtained by biochemical DNA phosphorus determinations. 

In the present report, the modal diploid DNA (2n) value was estab- 
lished for normal lymphocytes. The lower DNA values obtained for L #1 
and L #2 nuclei fell in the 4n and 2n DNA range, respectively, as might 
be anticipated from the reported tetraploid and diploid chromosome 
complements of these tumors. Many intermediate values were found in 
the tumor nuclei, especially in L #1 nuclei, being distributed from the 
corresponding modal tetraploid DNA level to twice this level. The 
findings in L #1 nuclei are in agreement with an earlier report by Carnes, 
Weissman, and Goldberg (5). The average DNA value for L #1 was 
greater than the expected tetraploid value, if it is assumed that the L #1 
tumor contains 80 chromosomes. Nuclei containing intermediate DNA 
values may result from the premitotic synthesis of DNA. In dividing 
cells, where the chromosomes are in the process of reduplication, the DNA 
content may fall between the modal DNA value and twice this amount. 
The mitotic index, and the rate and time of DNA build-up, will determine 
the number of such intermediate values in the cell population. These 
factors are extensively discussed by Swift (6). Intermediate DNA values 
may also be a manifestation of an aneuploid chromosome complement in 
tumor nuclei. Levan and Hauschka (7) report that L #2 nuclei containa 
modal chromosome number of 44, as opposed to the normal 2n chromo- 
some number of 40 for the mouse. The L #1 tumor is believed to contain 
approximately a tetraploid chromosome number, but frequency distribu- 
tion studies of the chromosome complement of this tumor have not been 
reported, due to technical difficulties in making suitable preparations for 
chromosome counting (1). The distribution of individual DNA values 
reported here can be interpreted as resulting from a combination of 
mitotic activity and aneuploidy. 


Summary 


Microspectrophotometric determinations of the Feulgen-DNA content 
of nuclei of individual L #1 and L #2 tumor cells and of normal lympho- 
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cytes were made. The findings are in agreement with the known chromo- 
some complement of these tumors, and in addition are interpreted as 
reflecting the premitotic build-up of DNA in the tumor nuclei and possibly 
the presence of aneuploid chromosome numbers. The photometric 
results are in reasonable agreement with the reported biochemical studies 
of DNA phosphorus in Lymphoma #1 and #2. 
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The Carcinogenicity of Ethyl Deriva- 
tives of p-Aminoazobenzene’:’ 


KanemMatsu Suaiura, M. L. Crosstry, and 
Cuarutes J. Kensier, Division of Experimental 
Chemotherapy, Sloan-Kettering Institute for Cancer 
Research, New York, N. Y.; Caleo Chemical 
Division, American Cyanamid Company, Bound 
Brook, N. J.; and Department of Pharmacology, 
Cornell University Medical College, New York, N. Y. 


Many aminoazobenzene derivatives have been tested for carcinogenic 
activity in the rat (1,2). It has been demonstrated that most changes of 
substituents on the parent molecule markedly affect carcinogenic activity. 
The present paper reports the results of an investigation which included 
four new compounds. A preliminary note on three of these compounds 
has been published (3). 


Materials and Methods 


A 3-percent solution of N,N-dimethyl-p-aminoazobenzene and molar 
equivalent concentrations of the other compounds were prepared in olive 
oil, which was mixed with brown rice and supplemented with carrots as 
described earlier (4). The diet was fed ad libitum and continued until the 
animals either died or were sacrificed at the end of the experimental 
period of 250 days. The rats used in this study were Sherman strain 
males weighing an average of 150 gm. at the start of the experiment. The 
melting points (corrected) of the new compounds included in this report 
are as follows: N-methyl-4’-methyl-p-aminoazobenzene, m.p. 70.5-71.0° 
C.; N-methyl-2’-ethyl-p-aminoazobenzene, m.p. 63.4-63.8° C.; N,N- 
dimethyl-3’-methyl-4’-hydroxy-p-aminoazobenzene, m.p. 171.3-171.6° C.; 
3’-(4-dimethylaminophenyl) azopyridine, m.p. 121.5-122.8° CG.’ 


Results 


The results of carcinogenic activity are summarized in table 1. In all 
cases the gross diagnosis was confirmed by microscopic examination. 

As was found earlier (5, 6) there was considerable individual variation 
in the consumption of food, and hence in the consumption of carcinogen, 
but there were no marked differences in the amounts of the various com- 
pounds of similar carcinogenic activity consumed by the various groups. 

1 Received for publication February 25, 1954. 

2 This study was supported by an institutional grant to the Sloan-Kettering Institute from the American Cancer 
Society, and by a grant from the Damon Runyon Memorial Fund for Cancer Research. 


3 Synthesized by the Research Department of the Caleo Chemical Division of the American Cyanamid Com- 
pany, Bound Brook, N. J. 
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The animals receiving the less potent or carcinogenically inactive com- 
pounds consumed more of these compounds than those receiving the 
active carcinogens. As in the past, food and carcinogen consumption 
was higher in the beginning and fell off later in the experiment among 
those animals with liver damage and tumors. In these animals the dye 
intake decreased from 6 mg. per day to 3 mg. per day at the end of the 
experiment. 

As may be seen from the data in table 1, the replacement of a methyl 
group by an ethyl group decreased or abolished the ability to produce 
liver tumors with one exception. The ethyl compound that showed high 
activity was N-methyl-4’-ethyl-p-aminoazobenzene. Its activity (tumor 
incidence 100 percent) was at least as great as that of N-methyl-p-amino- 
azobenzene (incidence 93 percent). In fact no animal in this group sur- 
vived the 250-day experiment and all had liver tumors. In marked 
contrast, N-methyl-4’-methyl-p-aminoazobenzene possessed low activity 
(incidence 20 percent). An ethyl group in the 2’ position of N-methyl-p- 
aminoazobenzene abolished activity, whereas the 2’-methyl derivative 
showed low activity (incidence 27 percent). Similarly, previous studies 
revealed that ethyl substituents on the amino group decreased or abolished 
carcinogenic activity (6, 7): N-ethyl-N-methyl-p-aminoazobenzene (inci- 
dence 67 percent) ; N,N-diethyl-p-aminoazobenzene (incidence 0 percent). 
As is shown in table 1, N-ethyl-p-aminoazobenzene was inactive (2). 

The hydroxylation of N,N-dimethyl-p-aminoazobenzene in the 4’ posi- 
tion has been shown to abolish the carcinogenic activity (2, 6), although its 
toxicity was apparently increased (6). The hydroxylation of N,N- 
dimethyl-3’-methyl-p-aminoazobenzene in the 4’ position also abolished 
carcinogenic activity (table 1) but did not markedly alter toxicity. The 
livers of rats fed N,N-dimethyl-3’-methyl-4’-hydroxy-p-aminoazobenzene 
had smooth surfaces, and histologic examination revealed neither cirrhosis 
nor bile duct proliferation. The substitution of a pyridine ring with the 
nitrogen atom in the meta prime position for the prime benzene ring 
reduced the carcinogenic activity of N,N-dimethyl-p-aminoazobenzene 
by 50 percent. Thus, this compound possesses some carcinogenic activity, 
although none was detected by Brown et al. (8). 

The data summarizing the condition of the livers at the time of death 
or sacrifice of all animals are shown in table 2. It can be seen that all 
animals receiving N-methyl-4’-ethyl-p-aminoazobenzene died with liver 
tumors before the experiment was terminated at 250 days. The earliest 
tumor appearing in the rats receiving 3’-(4-dimethylaminopheny]) 
azopyridine was found at 199 days. 


Discussion 


The reason for the high activity of the 4’-ethyl derivative is not appar- 
ent. One possible explanation for the low activity of the 4’-methyl 
compound and the high activity of the 4’-ethyl compound might be that 
the 4’-methy] group is readily oxidized and the 4’-ethyl is not. Oxidation 
of the 4’-methyl group would be expected to decrease or abolish the 
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TaBLE 2.—Incidence of hepatic tumors in rats fed various azo compounds 





No. of 
Compound fed ani- Liver findings at autopsy* 
mals 





N,N-Dimethyl-p- 
aminoazobenzene. . 15 + +t [tet] +4 i4+4+4+/+4+4+] + + 
75 | 145 145 | 183 210 241 250 250 


+ [++] ++ [44+ |+4+4|+4+4]4+4++4+ 
250 | 250 250 | 250 250 | 250 250 


N-Ethyl-p-amino- 

azobenzene....... 15 _- _ _ _ _ _ _ _ 
148 | 221 239 | 250 250 250 250 250 
250 | 250 250 | 250 250 250 250 


N-Methy]l-2’-ethyl- 
p-aminoazoben- 
RS ee ie 15 


“741100 | 100] 125 | 211| 250} 250] 250 


250 | 250 | 250 | 250 | 250] 250) 250 


N-Methyl-4’-ethyl-p- 
aminoazobenzene. . 15); + + + + | ++ ++ 1+ 
104 | 121 | 124) 1389] 154] 157] 161] 1 


++ ]/++] ++] +]/4++] +. [+++ 
iss | 189 | 190 | 190| 203| 206| 223 


2+ 


N, N-Dimethy]-3’- 
methyl-4’-hydroxy- 
p-aminoazobenzene-_ 15 _ _ — _— _- _ _ _ 

107 | 112 138 | 179 | 196} 198 | 202] 234 

250 | 250| 250| 250} 250| 250| 250 

3’-(4-Dimethylami- 
nophenyl) azopyri- 


GE ceccececbunes 15 |+4++4+)/4+4+)/ ++ |/4+4+ | ++ + + |4++4 
199 | 201 | 237 | 239 | 240} 243 | 245) 246 











2 = = = 
250 | 250 | 250 250 | 250 | 250); 250 























*See table 1 for explanation of symbols; figures indicate days at time of death or sacrifice. 


carcinogenic activity of the parent molecule, as methyl orange as well as 
the 4’-OH derivative are inactive. This point has been studied by 
incubating 4’-ethyl, 4’-methyl, and N,N-dimethyl-p-aminoazobenzene 
with slices of rat liver (9). The metabolites found from the parent 
compound were separated by paper chromatography (1.1 1 N HCl). 
The accumulation of the 4’-OH derivative was readily detected. No 
evidence of the formation of a new metabolite from either the 4’-methyl 
or the 4’-ethyl derivative was obtained. Cleavage of the azo linkage was 
reduced by both the ethyl and methyl substituents. Thus, this preliminary 
evidence suggests that the marked difference in carcinogenic potency 
between the 4’-ethyl and 4’-methyl compounds is not due to rapid oxi- 
dation of the 4’-methyl group. 
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Although both ethyl and fluoro (10) groups in the 4’ position result in 
highly active compounds, the ethyl group in the 2’ position leads to a 
loss of activity while the fluoro group in this position (10) does not 
markedly alter the carcinogenic activity of the parent molecule. The 
ethyl substituent thus does not lead to the same change in biological 
activity as the stable fluoro group in all positions on the prime ring. 


Summary 


1) A series of ethyl derivatives of p-aminoazobenzene and N-methy]l- 
p-aminoazobenzene were tested for carcinogenic activity in rats fed 
equimolar amounts of these compounds in a nonprotective diet of the 
rice type. With but one exception, the introduction of an ethyl group 
into the azo molecule decreased or abolished the ability of the parent 
compound to produce liver tumors. The ethyl compound that showed 
high activity was N-methyl-4’-ethyl-p-aminoazobenzene (tumor incidence 
100 percent). In marked contrast, N-methyl-4’-methyl-p-aminoazoben- 
zene possessed low activity (incidence 20 percent). An ethyl group in the 
2’ position of N-methyl-p-aminoazobenzene abolished activity whereas 
the 2’-methyl derivative showed low activity (incidence 27 percent). 
Ethyl] substituents on the amino group decreased or abolished carcinogenic 
activity. 

2) The substitution of a 3’ pyridine ring for the prime benzene ring 
decreased the carcinogenic activity by 50 percent. 

3) An hydroxy group in the 4’ position of N,N-dimethyl-3’-methyl-p- 
aminoazobenzene resulted in a compound possessing no carcinogenicity 
under these conditions. 
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Studies on Mammary Tumors in the 
020 Amsterdam Strain of Mice ' 


O. Misuusock and Tu. G. van Rissset, Labora- 
tory of the Antoni van Leeuwenhoekhuis, The 
Netherlands Cancer Institute, Amsterdam, Holland 


R. Korteweg at this Institute has developed the inbred mouse strain 
020 and has previously reported briefly on the characteristics of this 
strain (1-3). It is an albino strain and has a low incidence of mammary 
tumors, although it shows a relatively high frequency of pulmonary papil- 
lomas. The present paper reports fairly exhaustive investigations made 
in the last 6 years on the evolution of mammary carcinoma in this strain. 
Brother X sister mating was continuously maintained, and these investiga- 
tions were made with the 64th to 74th inbred generations. The animals 
were kept in glass cages (17 X 11 X 12 cm.), 4 per cage, and fed commercial 
pellets and tap water ad libitum. In breeding, the females were perma- 
nently kept with their brothers. Forced breeding was carried out with 


three females and one male; the young were discarded as soon as possible 
after birth. 


I. Mammary Tumor Incidence in Virgin, Breeding, and Force-Bred Females 


The mammary tumor incidence is given in table 1. The animals listed 
in this table include only those surviving to the age of 12 months. None 
of 88 virgin females developed mammary tumors; the incidence of mam- 
mary tumors in 212 breeding females was 5 percent, and that in 111 force- 
bred females 13 percent. The tumor age (i.e., age at which the tumors 
appeared) was the same in the breeding and the force-bred females. The 
difference in mammary tumor incidence between breeding and force-bred 
females is highly significant. 

Since the report of Bagg (4), it has been assumed that “forced breeding” 
(i.e., rapid breeding with nursing prevented) would increase the incidence 
of mammary tumors or accelerate their development. As Bittner (5) has 
stated, however, no critical comparative data have been published to con- 
firm this suggestion. In a subsequent paper, Bittner (6) presented some 
comparative data on the DBA and the C3H strain. No difference in 


mammary tumor incidence was found between breeding and force-bred 
females. 


1 Received for publication March 25, 1954. 
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TABLE 1.—Mammary tumor incidence in virgin, breeding, and force-bred strain O20 











female mice* 
With tumors No tumors 
” Avg. 

020 ¢ —S) Avg. Avg. 
ber =< Num- | Per- | tumor | Num- | age at 
. ber cent age ber death 
(days) (days) 

ML as wk cae ne ancws a re oe 0 a are 88 684 

Ee ae 212 5 11 5 551 201 625 

ee ee 111 8 15 13 581 96 608 


























*Includes only those surviving to the age of 12 months. 


There was a significant difference in mammary tumor incidence between 
the O20 breeder and force-bred females (table 1), but the question 
should be raised whether the figures are comparable. In a previous pub- 
lication (7) it was demonstrated that, in hybrids between strains 020 and 
DBA, the number of litters should be taken into account in evaluating the 
mammary tumor incidence. Table 1 shows that the average number of 
litters among the breeding 020 females is smaller than among the force- 
bred females. It may therefore be that the high percentage of mammary 
tumors is attributable to the higher average number of litters among the 
force-bred females. The data available, therefore, do not warrant con- 
clusions as to whether forced breeding has a more marked effect on the 
occurrence of mammary cancer than breeding with nursing if the total 
number of litters is the same in the two groups compared. 


II. Parent-Offspring Correlation 


To gain insight into the distribution of mammary tumors in the 020 
strain, and into the attributability of mammary tumors to the mammary 
tumor agent, pedigree charts were made of the female mice. Text-figure 1 
includes only the females of the 68th to the 74th inbred generations. 
It shows that mammary tumors are distributed at random; no accumula- 
tion of mammary tumors in certain families was observed. An analysis 
of the mammary tumor frequency in the breeding and force-bred daughters 
of females with and without mammary tumors also fails to reveal any 
difference between the two groups. Twenty-four breeding females 
without tumors had 116 daughters without and 9 with mammary tumors 
(7%); 4 breeding females with mammary tumors had 28 daughters 
without and 2 with mammary tumors (7%). If the agent were involved 
in the occurrence of mammary tumors in the 020 strain, then the daughters 
of females with mammary tumors could be expected to show a higher 
mammary tumor incidence than the daughters of females without 
mammary tumors. 

It has been demonstrated in a previous paper (8) that, in animals with 
a small amount of tumor agent or with slow multiplication of the agent, 
an excessive number of mammary tumors may occur in females born in 


Journal of the National Cancer Institute 








MAMMARY TUMORS IN 020 MICE 












75 































Fes Teg Fro Fn Fre Frs Fu 
12967 B22 14578 B2t 
12969 B22 \fusso Bat 
12972 B23 14564 B23 
13467 Bi2P 
13469 F23 14571 B20 
13471 F19 4572 B19 
15353 Bi9 
12936 B22 15355 B22 
12038 B21 16305 V 22 
13640 F 24 
12692 F 14 14076 F18 3732 F2i 
12693 F 18 41370 B18 14077 Bis 5913 V 18 
12694 F23 41710 B26 15914 V23 
13399 F23 41712 B20 2699 F26 17784 B2i 
41714 B22 12701 F28 17786 V21 
11906 B17 11716 B23 12702 F21 
11016 B23 LAA s08 B22 42627 F18 13654 Fi4 13840 F1iS 
11018 B24 12687 F20 12828 F22 3655 Fi2 13641 F18 
11312 B20 12037 F19 13656 F19 M3842 Fi9 
11314 B24 42339 F24 12033 B25 13843 Fi9 
11965 F22 12340 F22 12038 B22 632 B2t M4878 V 24 
8038 F27 12536 F21i 2341 F238 3138 F25 14881 V25 
8039 F20 3160 Fi4 11414 B22 3139 F19 H15925 V 23 
7014 B22 9119 B22 13161 B2i 118627 B20 43645 Fis 16208 V22 
9125 B23 11829 B13 13646 F20 M6299 V 22 
9248 v19 13162 Fis 11831 B2s 13647 F13 16301 V 19 
13164 F168 12840 B23 14082 B23 47778 Bis 
13166 F24 13741 F23 14083 B23 17780 Bis 
13167 F18 13742 F23 16757 B23 
}13743 F20 16758 B19 13148 F1iS 
10487 B2 13744 F20 13649 F23 
11142 B -14871 B2s 13752 F20 14540 B22 
11144 Bis }14872 B20 43753 Fi6 4542 B20 
O3$1 B22 11146 B20 14873 B21 13754 F22 16308 V 23 
11244 B22 11482 B2s 12053 B2t 14883 V 16 
11484 B2 SS B22 14864 Y 25 13196 B24 
12821 F 20 14865 V 23 13198 B27 
133904 F24 12677 F14 13662 B20 
13395 F20 12678 F16 13144 F19' 13663 B20 
13396 F2 12679 F16 13145 F23 15926 V23 
12680 F2i 13146 F17 16310 V24 
12681 F28 wal 
12682 F26 12508 B al 14859 B23 
12849 B24 12507 B S417 Bi2 
12503 B24 15418 B24 
12833 F19 12075 B22 15419 B21 
12835 Bid 13369 Fi8 15420 v1S 
13382 F 20 13370 F2t 16294 V22 
13383 F22 43371 F24 16295 V23 
13384 F19 13373 Fis 16296 V22 
13385 F22P 43853 F2 
13386 F 18 
16755 V 21 12067 B2 
16756 V 21 12069 B2 
12803 B26 
12830 F 19 12805 B2 
12831 F18 12807 B26 
13391 F 19 12808 B17 
13392 F20 


Text-FiGuRE 1.—Pedigree chart of strain 020 female mice from the 68th to the 74th 
inbred generation. T=died with mammary tumor. V=virgin, B=breeder, F= 
force-bred; figures following these letters indicate age (in months) at death. 
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TABLE 2.—Mammary tumors in strain 020 breeding female 
mice tabulated according to litter sequence 








‘ Number Number 
Litter of animals} of tumors 
Nk Sain arent lao ciate dnhe tap anal 6 0 
a a a ia ala aces a ye lac 16 1 
a ae ois Sree Seca dik ae aren aoe 36 0 
LER Sa eee ens aan eee 38 2 
MS einichoueneates cue ewe Meee 43 1 
er ae ee 24 3 
, |S RSERRIRESERS Reese Oe aiaieaeres Leaner 23 2 
SEEN EN Sees ouraree ee Cre, 14 0 
ai as Sav arca faa tan rer tem da edie tata 10 1 
Gy Kien Salle art aie thei. oad tare 1 1 











later litters. Table 2 shows that there is no such increase in mammary 
tumors in the females of later litters. This supports the contention that 
the mammary tumor agent is not involved in the spontaneous development 
of mammary tumors in 020 females. 


III. Tests for the Presence of the Mammary Tumor Agent in 020 
Female Mice 


A. In mammary tumors.—Sixteen mammary tumors from 020 females 
were tested for the presence of the tumor agent. The tumors were ground 
with sand, and distilled water was added (5 ml. water to 1 gm. tumor 
tissue). Centrifugation in an ordinary laboratory centrifuge was followed 
by intraperitoneal injection of 0.1 ml. of the supernatant into sensitive 
test animals aged 3 to 4 weeks. The test animals were F, hybrids obtained 
by mating 020 females to DBAf males, and will be referred to hereafter 
as Odz. The females were force-bred with their brothers for one year. 
Andervont (9) recently showed that the inoculated animals may fail to 
develop mammary tumors, but that their descendants do. Our test 
animals were therefore bred with DBAf males after a year’s forced breeding 
with their brothers. The offspring were then watched for the appearance 
of mammary tumors. The daughters were kept as virgins for 18 months. 
The sons were castrated after weaning and then treated with estrone 
(administered in drinking water, 2 mg. per liter.) The controls were 
untreated test animals (Odz) force-bred with their brothers for a year 
and then watched for the appearance of mammary tumors. To demon- 
strate the susceptibility of these test animals, Odz females were injected 
with an extract from mammary tumors of DBA females known to possess 
the agent. The susceptibility to the mammary tumor agent of the 
offspring of the test animals (Odz) after breeding with DBAf males was 
demonstrated in a previous paper (8). 

Results are presented in table 3. Mammary tumors were found in 14 
of the 67 injected test animals. The percentage (21%) was the same as 
that found in the untreated controls (19%). No mammary tumors were 
found in 90 daughters of the test animals and only 4 (6%) were found in 
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the sons. These findings show that mammary tumors from 020 females 
do not possess the mammary tumor agent. 

B. In transplanted mammary tumors.—In the majority of previous 
investigations it has been possible to demonstrate the mammary tumor 
agent after transplantation of the tumor, although exceptions have been 
reported in higher passages, as in a recent report of Dmochowski (10). 
Three additional mammary tumors from 020 females were transplanted 
into young 020 females. These transplanted tumors were then tested 
for the presence of the mammary tumor agent in the manner described 
in the preceding section (IJJ A). The results are presented in table 4. 
The mammary tumor agent was not demonstrable either in test animals 
inoculated with an extract of the transplanted tumors or in their offspring. 
A mammary tumor of strain C57BL mice was used as control. The 
donor C57BL female had been nursed throughout the period of lactation 
by @ strain DBA female. A mammary tumor occurred at the age of 311 
days, after treatment with estrone pellets. This tumor was transplanted 
and three tumors of the first passage were tested for the presence of the 
mammary tumor agent in the manner described. Mammary tumors 
were found in 78 percent of the female test animals at an average age of 
393 days. This would seem to warrant the conclusion that the agent 
was still present in these transplanted tumors in strain C57BL. 

C. In blood and spleen of 020 females.—Eight test animals were treated 
with blood and spleen from 020 females with mammary tumors. The 


TaBLeE 4.—Test for the mammary tumor agent in transplanted mammary tumors from 
strain 020 female mice 























Tumor donor : Offspring of (test 
(020 2) Test animals (Odz ?) animals X DBAf¢) 
on No With | No 
ith tumors} tu- - tu- tu- 
T mors — mors | mors 
Age | Total bred Total 
num- 
Case number® ber | .. Avg. | Avg. | with .-y Avg. 
Num-| tumor] age at | DBAf T | Num-| age at 
ber | age |death| of ber | death 
(days) (days)| (days) (days) 
13146 F 514] 5 i aaere 628 1 49 0 560 
20 0 486 
13376 F 701 | 4 1 412 gg ee: NE eee Seeliee 
13653 F 514 | 6 1 640 605 1 139 0 543 
5a 0 514 
, es re 15 |) SEPP Resear cet 179 a ere 
(13%) 7a 0d 
Control C57BL 9 
fostered by DBA 
9 with mammary 
aa 311 |2792 | 219 393 RRP Se Seer epee 
16¢ 7A 400 | 371 
































*F =force-bred. tAfter 1 year of forced breeding. 
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blood was collected immediately after decapitation and injected intra- 
peritoneally without further treatment into the Odz test females. Por- 
tions of spleen were subcutaneously implanted. The offspring of these 
test animals were bred with DBAf males and then kept in the manner 
described in section IJI A (table 5). No evidence of the presence of 
mammary tumor agent was found. A previous paper (11) showed that 
the agent was demonstrable in the blood and spleen of animals possessing 
the agent. 

D. By reciprocal crosses between strains 020 and C57BL.—Reciprocal 
crossing between strains 020 and C57BL constitutes a good test for the 
presence of the mammary tumor agent. It was in this manner that the 
maternal influence—later identified as the mammary tumor agent or 


TaBLE 5.—Test for the mammary tumor agent in blood and spleen of strain O20 female 
mice with mammary tumors 





















































’ P Offspring of (test 
Donors (020 9?) Test animals (Odz 9) animals X DBA ¢) 
No tu-| y, No tu- 
mors —_ mors 
Case Age Total) With | 4, bred | Total) With re 
number* Tested with | num-} tu- . “A with |num-| tu- ps . 
ber |mors ‘oath “a ber | mors death 
(days) (days) (days) 
13396 F 739 | 0.3 cc. blood 2 0 419 2 89 0 542 
4c 3% 540 
1/2 spleen 2 0 675 2 792 0 514 
4c 0 504 
16253 B 622 | 0.3 ce. blood 1 0 647 1 29 0 546 
1/2 spleen 0 555 59 0 493 
3c 0 403 
19195 B 536 | 1/1 spleen 1 2 Ae ere: ee Aen mere 
NG ciao > acelle wie ewlae oe ae oan 8 D Bin exeuewwesns 229° Me lieve 
lid | 2 
(18%) 
*B=breeders; F=force-bred. tAverage tumor age: 501 days. 
tAfter 1 year of forced breeding. §Tumor age: 255 days. 


milk factor—was first revealed (12-14). The C57BL strain does not 
possess the mammary tumor agent, and no mammary tumors have been 
observed in our colony of this strain (15). Table 6 (IJJ D) shows that no 
mammary tumors were found in the hybrids from reciprocal crosses 
between strains 020 and C57BL. These hybrids are susceptible to the 
mammary tumor agent; mammary tumors were observed in 6 out of 9 
of these hybrids fostered by a DBA female. 

E. By reciprocal crosses between strains 020 and AfB.—The AfB strain 
originates from a female of the A (Strong) strain. The young were 
removed from the uterus shortly before birth and nursed by a foster- 
mother of strain C57BL. The descendants of these young were bred by 
brother X sister matings; they are now in the 18th inbred generation. 
No mammary tumors were seen in 21 virgin females and 86 breeding 
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TaBLeE 6.— Mammary tumor incidence in hybrids descended from strain O20 mice 
































| 
With tumors| No tumors 
Total | 

Type of females Kept as num- | Avg. Avg. 

ber | Num-|tumor| Num-| age at 

ber | age ber | death 

|(days) |(days) 

ID: 
(020 X C57BL)F;*..... eS 9 i aaa 9 793 
force-bred...... 16 i Bae 16 603 
(C57BL X O20)F;...... ee 8 ae 8 732 
force-bred...... 20 an -Apeeee 20 608 
(C57BL X O20)Fif..... force-bred...... 9 6 520 3 824 
III E: | 
(O20 X AfB)F;.........| force-bred...... 33 6 574 27 631 
(AfB X O20)F;.........| force-bred...... 43 4 637 39 681 
Eee rte 21 SS eee 21 602 
breeders........| 86 i? ee 86 619 
(O30 X< AIB)F,3........1 vinging.......<. 49 44 377 5 561 
III F: 

COR X CA es sks: Es 10 2 ee 10 768 
force-bred...... 13 a eo 13 520 
(CBA X 020)F;........ ee 7 oy eee 7 863 
force-bred...... 11 2 704 9 689 
Controle CER. 6 i0. 0i0s | ere 41 _ AR Bere 41 711 
LL. eee ae a. 5 SAA 68 668 
| force-bred...... | 81 | OD Baccus 81 603 








*In designating hybrids, maternal parent is listed first. 
tFostered by DBA @. 
tInjected with tumor extract from DBA ?. 


females of this strain (table 6, JJJ E). Reciprocal crosses were made be- 
tween this agent-free strain AfB and strainOQ20. The female hybrids were 
force-bred and then watched for the appearance of mammary tumors. 
Table 6 shows that only a few mammary tumors were encountered. There 
was no difference in mammary tumor incidence between the reciprocal 
crosses. Control experiments proved that the F; hybrids were susceptible 
to the mammary tumor agent; tumor extract from a DBA female was 
injected in the manner described above into 49 F, hybrids (020  AfB). 
The inoculated females were kept as virgins; 44 developed mammary 
tumors. 

F. By reciprocal crosses between strains 020 and CBA.—The subline 
of the CBA strain maintained at this Institute is a very low-mammary- 
tumor strain. No tumors have been seen in this strain in the last few 
years (see table 6, JJ F). The very low incidence of mammary cancer 
in the F, hybrids between strains 020 and CBA (table 6, III F) sub- 
stantiates the contention that the 020 strain is free from the mammary 
tumor agent. 
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Conclusion from experiments A to F: None of the findings constitute 
evidence of the presence of the mammary tumor agent in females of the 
020 strain with mammary tumors. 


IV. The Susceptibility of the 020 Strain to the Mammary Tumor Agent 


The following experiments were done to test the susceptibility of the 
020 strain to the agent. Newborn females of this strain were nursed 
from the first day of life throughout the period of lactation by females 
of the DBA strain possessing the agent. The incidence of mammary 
tumors in the DBA strain at our laboratory has been given in a recent 
paper (15). Investigations were made on 3 groups of 020 females foster- 
nursed in this manner (virgin, breeders, and force-bred females). The 
percentage of mammary tumors in these animals is given in table 7. 
The highest percentage was observed in the force-bred group (66 percent). 
The incidence in the virgin females was only 30 percent. A striking 
feature is the low incidence in the breeders (26 percent). Although the 
difference in tumor incidence between breeders and force-bred females is 
suggestive of a more marked effect of this treatment in the latter group, 
this contention requires verification in groups better suited to comparison, 
in which the number and the time of pregnancies should tally. Experi- 
ments have been started, but the results remain to be seen. 


TaBLE 7.—Mammary tumor incidence in strain 020 female mice after foster-nursing by 








DBA females 
With tumors Pe . —_ 
Avg. 
Num- | num- Avg. 
020 9 ber ber of | Num- Pras. 2 Avg. age 


litters ber Percent at death 


age 
(days) (days) 





MN 6 5 arc ie eidvie gta Ma i eee 10 30 582 638 
SER AE Rae ae 46 5 12 26 488 514 
rere 41 5 27 66 486 587 























Conclusion: The O20 strain is susceptible to the mammary tumor 
agent, but the tumor incideace in virgins is low. Only in force-bred 
females does it reach as high as 66 percent. 


V. Transmission of the Mammary Tumor Agent in the 020 Strain 


It may be stated, in general, that the ability of various strains of mice to 
transmit the agent corresponds approximately to their susceptibility. 
There may, however, be exceptions to this rule [see (16) for a recent 
review]. In order to test the ability of the 020 strain to transmit the 
agent, 5 020 females were fostered by a DBA female and then bred with 
their brothers, which had been fostered by the same DBA female. 

The female offspring were force-bred. From three 020 females only 
the 2nd generation was preserved. Text-figure 2 shows that the tumor 
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incidence in the offspring of the 2nd generation was very low, suggesting 
that the agent was not transmitted. Four generations were observed 
from the fourth 020 female (No. 1725—see text-fig. 2). The mammary 
tumor incidence was high in the 2nd and 3rd generations, but low in the 
4th. Nine generations were produced from the fifth 020 female fostered 
by a DBA female. A large number of the 7th-generation females were 
watched for the appearance of mammary tumors (table 8). The incidence 
in these animals corresponds to that in 020 mice without the agent after 
forced breeding. Blood, spleen, and tumor extract from a few descendants 
of the 7th generation (average age 19 months) were tested for the presence 
























ty Fe F. F; F; F, 
ote 1 2 3 4 
fostered 7736 F 16 87 F 16 
by DBA A 38 F244 88 Fue 
5790 B19 89 Fis 
08 F 16) 
Tv 90 F 18 
6081 F 215P 
7853 F 17 se 4 oP 
9020 ss Fe 83 F 13% 
84 F 16 
fostered 8862 F 26 85 F 23 
by DBA 63 Fu on F 8215 F 14 
5791 Bis 64 F 23 -4371 Bi2 87 F 12 16 F 249P 
65 F 22 15011 F 20 88 F 18} 4 ba 
66 F239 | 42 Baa ie a sve 
44 F 13 
j 455 F 12P 
— ‘ 6080 F 14°F $7 F129? 47451 F 23 
be DBA 6882 F 229 58 F 18} 52 F 22 
+8112 F 19 3 + 83 F18 59 F 22 53 F24 
} 13 F 48 eS BASH | og F230 
7863 F 26 
¢ O20 + 14 F 22 +} SS Fis 01 B23 64 F 16 
fostered 9048 F 7889 F179 7 oa 68 F19 
by DBA + 49 F 18 +} 6OF 127 66 F 28 
6427 B22 + SOF 20 + 61 F 22 79 F 24 
eats ¥ 80 + 62 F 22 7350 F 24 
+ W248 Fea 
+ 73F 18 63 F 20 
64 F 22 





TEXT-FIGURE 2.—Pedigree chart of the female offspring of strain O20 mice foster- 
nursed by strain DBA females. T=died with mammary tumor. B=breeder, 
F=force-bred; figures following these letters indicate the age (in months) at death. 


of the mammary tumor agent in the manner described (11). Table 9 
shows that the mammary tumor agent was not demonstrable. This 
would seem to warrant the conclusion that the agent may be transmitted 
for 2 or 3 generations in the O20 strain, but is invariably lost. It is 
therefore impossible to turn the 020 strain into a high-tumor strain by 
addition of the mammary tumor agent, as described by Andervont 
(17-19) with reference to strain C. 

In the O20 strain, a relatively low susceptibility to the mammary 
tumor agent corresponds to a poor transmission. 

In studying the transmission of the agent in the 020 strain, the low 
susceptibility of the animals used interferes with definite demonstration 
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TABLE 8.—Mammary tumor incidence in the F2 to Fy generations from a strain O20 
female fostered by a DBA female 





























With tumors 
G Total re ath A 
ener- ota > r at death vg. 
ation | number Kept as Number Num- anak hie 
(months) ber (months) 
| 
F 11 {Prccoinn aed sie eid lesa | 2 16 1 13 
2 Force-bred......... 9 A See Sener rem 
F3 1 OT er ree 1 > | Btehe es ceekauteaens 
F 18 | sent aes ese 10 a Se See ee en 
¢ Force-bred......... 8 16 1 17 
MR sao a cas neu 2 _ PERS ee See eee 
F; 49 POPOOGEES.........2..: 14 SR ee ere 
Force-bred......... | 33 14 3 14 
I gi nas: sees isis 1 SR ee eee ne 
Fs 53 {raver SNe ee 20 Ww 1 13 
Force-bred......... 32 15 4 19 
ee ee 2 i 2 Seer solace bigapaisie-s 
F; 131 |  Recedens Re bg 13 17 1 | 20 
'Force-bred Mat niearee a 116 18 14 | 17 
WE. oie cneme 2 | , a Sees Ricauhaad 
ma 1 {Bree Bertsessaisrta tes ae | Se Spee 
| Force-bred......... 11 19 | 1 | 15 
F, | 4 | Breeders........... 4 | 19 Di See 
} | | 





of the agent. Investigations were therefore extended to the following 
groups of hybrids: 

Group I.—F, hybrids obtained from O20 females fostered by a DBA 
female and bred with DBA males. These hybrids are highly susceptible 
to the mammary tumor agent (20, 21). The agent (originating from a 
DBA female) is present in the mother (an 020 female), and it is trans- 
mitted to the hybrids via the maternal milk. 

Group II.—Hypbrids obtained by mating 020 females without the agent 
and DBA males. These animals were placed with a DBA female immedi- 


TaBLE 9.—Test for the mammary tumor agent in the descendants of the 7th generation 
of a strain 020 female fostered by a DBA female 











With mammary No mammary 
tumors tumors 
M ] d D ae | 
Material teste onors | animals | | . 
(@) |(Odz 9)| _ | eee be rs 
Number age } ember | killed 
(days) | (days) 
A eee 10 18 2 529 16 591 
ES 8 8 ee ren 8 571 
Tumor extract......... 2 9 1 503 8 592 
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ately after birth and nursed by this female throughout the period of 
lactation. The agent in these animals therefore originates directly from 
the foster mother. 

Group III.—Hybrids from a DBA female and an 020 male, nursed by 
the DBA mother. 

Group IV.—Hybrids from an 020 female and a DBA male without the 
agent. These animais did not contain the agent, and were used as 
controls. 

Virgin and force-bred females, and castrated males treated with estrone 
pellets, were studied in each group. The mammary tumor incidence is 
presented in table 10, and it is apparent that the incidence in group I is 
lower than in groups II and III. There is no difference in incidence 
between group II and group III, and no demonstrable influence exerted 
by a possible uterine factor. The average tumor age in groups I, II, and 
III was the same, with the exception of the group of male animals (table 
10, C). Since this test arrangement would warrant the conclusion that 
the mammary tumor agent is the same in all three groups (it originated 
from DBA females in each"case), it may be contended that the agent 
present in 020 females decreases in quantity or in quality and, therefore, 
has a less marked effect (group I). 

Bittner (22) suggested that the concentration of the agent may be 
higher in older mice, which might imply a low rate of propagation of the 
agent. Andervont (23) discussed various possibilities in his studies on 
the disappearance of the mammary tumor agent in mice of strains C3H 
and C. Failure of tumors to occur in these mice was associated with the 
disappearance or inactivation of the agent. In a previous paper (8) 


TaBLeE 10.—Mammary tumor incidence in hybrids of strain O20 and strain DBA 























| With tumors | No tumors 
Total ] 
Mice num- | | Avg. | | Avg. 
| ber | Per- | tumor | Per- | age at 
| cent | age cent | death 
| | (days) | (days) 
A. Virgin females: | | 
I. [020 (fostered by DBA) X DBAJF,....| 83 | 78 | 470 | 22 | 634 
II. (O20 * DBA)F; fostered by DBA..... 73 | 96 438 4 768 
=. (Ss ae 73 | 93 426 7 489 
i a! | ee oe | 93 | 3 | 700 97 786 
B. Force-bred females: | | 
I. [020 (fostered by DBA) X DBAJF,....| 105 | 82 | 387 18 | 475 
II. (O20 X DBA)F;, fostered by DBA.....| 54 | 98 | 400 2 755 
f eer | 52 | 96 | 372 4 360 
tf ones: | 84 | 19 | 577 | 81 | 661 
C. Males castrated and implanted with estrone | | 
pellets: } 
I. [020 (fostered by DBA) X DBAJF,....| 83 | 50 | 282 50 351 
II. (020 X DBA)F; fostered by DBA.....| 27 | 78 | 357 22 698 
ey IE Me RS 6 ig oe seas Gs er cin aceieneaie | 30 77 | 360 23 719 
= 2% | —_ RRR: | 43 | 7 | 570 | 93 | 502 
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it was shown that later litters of strain C57BL mothers injected at the 
age of 3 weeks with the agent showed an accumulation of mammary 
tumors suggestive of slow propagation of the agent. It is possible, there- 
fore, that the agent supplied with the milk to 020 females also develops 
slowly, which would result in an accumulation of mammary tumors in 
later litters. 

In order to study this possibility the hybrids were divided into three 
groups. The first included those born and nursed by a young mother 
(aged 3 to 4 months), the second those with mothers aged 4 to 9 months, 
and the third those with mothers older than 9 months. The tumor 
frequency is presented in table 11. This table includes only 54 virgin 
and 67 force-bred females from O20 mothers having borne several litters 
between the ages of 3 and 9 months. The tumor frequency would seem 
to be lower only in virgins born from young mothers. 


TABLE 11.—Mammary tumor incidence in F,; hybrids from strain 020 mothers with 
the agent, born at various ages of the mother 








= No tumors 
- With tu- | Average ‘ 
Age of mother at parturition of hybrids mors tumor age y od 
(percent) (days) (days) 
A. Virgins: 
ee IR soe eco oie ec a med 16 69 492 649 
eI agian eye cite oe eee woee 26 85 447 687 
Older than 9 months............... 12 75 504 676 
B. Force-bred: 
er I eS de eicercurnnnenaecene 17 82 407 491 
oe re ee ee 31 87 371 464 
Older than 9 months............... 19 84 423 478 

















An analysis of individual cases, however, shows that this is not a valid 
conclusion. The 21 mothers from which the hybrids originated may be 
divided into 2 groups. Text-figure 3 presents 2 examples of each group. 
The first group shows an accumulation of mammary tumors only in 
later litters; in the second group, mammary tumors were found in the 
hybrids of all litters. It may be concluded that the propagation of the 
agent is subject to fairly marked individual differences. 

This leads to the question of the factors to which these differences are 
attributable. The source of the agent was the same in all cases—the 
milk from a DBA female throughout the period of lactation. Groups 
II and III in table 10 do not indicate differences in the quantity of agent 
from the DBA females. An analysis of the tumor frequency in our 
DBA colony, moreover (table 12), showed that the incidence in DBA 
females does not depend on the age of the mother. These facts would 
seem to suggest that the agent in the various 020 females may be regarded 
as originating from the same source. The variations in propagation, 
therefore, should be determined by factors in the animal per se. No 
indications of the nature of these factors have so far been found. Indi- 
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TEXT-FIGURE 3.—Distribution among various litters of mammary tumors occurring 
in offspring of strain 020 females with the mammary tumor agent. T =died with 
mammary tumor. V=virgin, B=breeder, F=force-bred, ps=pseudopregnant; 
figures following these letters indicate age (in months) at death. 


TABLE 12.—Mammary tumor incidence in virgin DBA females born at various ages 
of the mother 








" Tumor Avg. 
Age of mother at parturition ae of incidence tumor age 
(percent) (days) 
Pe i csviacsernneckenuenavecieaK’ 204 72. 5 459 
ES hoe Liwres wna aretsonwtn Aatelshpeleie 527 69. 3 459 
Eo 6s eee sean eel Meta’ RE aacioiereeare 93 77.4 453 














vidual differences in the transmission of the agent are also apparent 
from the results of the following investigation: 

Four 020 females, 3 months old, were given subcutaneous injections 
(twice weekly for 5 weeks) of a large quantity (1 ml.) of a suspension of 
mammary tumor tissue fom DBA females. The quantity and quality 
of the suspension administered were the same for all the animals. These 
020 females were at the same time mated with DBAf males. After 
weaning, the daughters were force-bred with their brothers for a year, aad 
then watched for the appearance of mammary tumors. The daughters 
of the last litters, however, were backcrossed with a DBAf male, and the 
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female offspring kept as virgins until death. The distribution of the 
mammary tumors observed is shown in text-figure 4. Many of the 
daughters from later litters of two of the inoculated 020 females had 
mammary tumors, while only a few of the daughters of the other two 
020 females had mammary tumors. Accordingly, the backcross grand- 
children of the first two 020 females also had mammary tumors, while 
those of the latter two had not. 


18470 a ath, ddet 6 








Zz 8 3 49 ii i2 13 14 
g020 2im 23 24 23 oT i oT [sk + 77 
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TEXT-FIGURE 4.—Distribution among various litters of mammary tumors occurring 
in offspring from strain 020 females, inoculated with the mammary tumor agent, 
and mated with DBAf males (see text). The arrows indicate the injections of the 
agent-containing tumor suspensions. T=died with mammary tumor. The 
figures in vertical columns indicate the age (in months) at death. 
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Despite exactly similar treatment with tumor agent, the inoculated 020 
females showed considerable differences in the propagation of the agent. 
No explanation of these differences has so far been found. 


Morphology 


The histologic structure of spontaneous mammary carcinoma in strain 
020 mice is roughly the same as in other strains. The majority of neo- 
plasms show areas with aciniform structure. Tumors with a purely acini- 
form structure are rare in the 020 strain, but there are nearly always 
areas showing solid cellular proliferation. Squamous metaplasia was not 
encountered. There may be marked cavitary vasodilation and sometimes 
cyst formation. Papillary growth is rare. 

A striking feature of some tumors is the formation of spindle cells, 
while the stroma is highly cellular. Differentiation between epithelial 
and stromal cells is then no longer possible. Such areas therefore assume 
a sarcomatous character, and the tumors resemble carcinosarcomas. The 
term “‘carcinosarcomatous”’ will be used henceforth, although the spindle- 
shaped cells are, in our opinion, definitely of an epithelial nature, so that 
the tumors should be regarded as carcinomas resembling sarcomas as a 
result of anaplasia. Such carcinosarcomatous areas were found in 8 of 26 
spontaneous tumors in 020 females (figs. 1 and 2). 

Transplantation of 020 tumors into young 020 animals is followed in 
many cases by loss of the tumor structure in the very first passages, and 
appearance of sarcomatous features; this may occur even in cases where 
the original tumor had shown no carcinosarcomatous areas (figs. 3, 4, 5). 
The sarcomatous transformation took place in 8 of 11 020 carcinomas used 
in serial transplantation (including 3 in which the original tumor had 
shown carcinosarcomatous areas); transformation was complete in 
passages 1, 3, 4, 4, 5, 5, 11 and 15, respectively. Carcinosarcomatous 
features were not encountered in any of 47 tumors in 020 mice fostered by 
DBA females (i.e., having the mammary tumor agent). This was the 
most marked difference observed between spontaneous carcinomas and 
those occurring under the influence of the agent. The aciniform structure 
was, as a rule, slightly more marked in tumors occurring under the influence 
of the agent. Two tumors in strain 020 mice with the agent were trans- 
planted; no signs of sarcomatous transformation were found after 9 
and 158 passages, respectively. 

These findings show that the tendency to sarcomatous transformation in 
agent-free O20 tumors is more marked than in those of other strains. 
Carcinosarcomatous features are even encountered in many of the original 
tumors. It is maintained in the literature [see review by Dmochowski 
(16)] that this transformation after transplantation occurs particularly 
in tumors containing the agent, but the contrary would seem to be true 
for the 020 strain: no sarcomatous feature was found in 020 tumors with 
the agent, either primary or transplanted. Sarcomatous transformation 
would therefore seem to be prevented in 020 tumors by the presence of 
the agent. The phenomenon may be correlated, however, with a difference 
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in age: the agent-containing tumors occur earlier than those in agent-free 
animals (cf. tables 1 and 7). The two transplanted agent-containing 
tumors mentioned above originated in animals aged 11 and 12 months, 
respectively. 

In the 020 strain, too, mammary carcinoma is preceded by the occur- 
rence of hyperplastic adenomatous nodules. The mammary gland of 020 
mice shows marked atrophy after about 15 months. The lobules dis- 
appear and the ducts are shortened. This atrophy is more marked and 
occurs more regularly in 020 mice than in the DBA strain. 

Detection of hyperplastic nodules, if present, in whole mounts offers no 
difficulty. The nodules are as a rule fairly large, and slightly larger than 
in the DBA strain. The frequency of the nodules is determined by the 
method described in the previous paper (15). The nodules were counted 
in whole mounts of 2 mammary gland of the second pair in a number of 
animals aged 14 months and older. Counts revealed that the nodules 
were extremely scarce (table 13). The number of nodules in 020 mice 
nursed by a DBA female, and thus possessing the agent, exceeded that in 
agent-free animals but remained considerably below that in DBA mice. 


TABLE 13.—Hyperplastic nodules in the second pair of mammary glands of strain 020 
female mice 














Avg. ee See with 
020 ¢ Number nodules per | carcinoma* 
gland (percent) 
eee ee rc eer ee 17 0 | 0 
Breeders without agent................- 41 0. 2 5 
Force-bred without agent............... 21 0. 6 13 
errr ee 8 1 26 











*See table 1. 


These findings show that, in strains O20 and DBA alike [Miihlbock 
et al. (15)] the frequency of the nodules is roughly proportional to the per- 
centage of carcinomas. This confirms observations that hormonal in- 
fluences (pregnancy) and the mammary tumor agent affect the frequency 
of occurrence of hyperplastic foci, but do not affect the tendency of these 
foci to carcinomatous transformation. 

The frequency of carcinomas in strain 020 mice is only 33 to 50 percent 
of that in strain DBAf. The difference in the frequency of nodules is 
considerably more marked (in 020 it is only 12.5 to 25 percent of that 
in DBAf). This shows that in 020 the nodules have a more marked 
tendency to carcinomatous transformation than in DBAf. This may be 
correlated with the average size of the foci, which is larger in 020 than 
in DBAf. The tendency of hyperplastic nodules to carcinomatous trans- 
formation, therefore, does not depend on pregnancies or on the mammary 
tumor agent, but is determined by the genetic constitution, which also 
governs the number and size of the nodules. 
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Discussion 


The occurrence of mammary carcinoma in strain 020 mice was sub- 
mitted to closer investigation, as this strain is not related to the pure 
mouse strains developed in the U. S. A., which have been used in all but 
a few of the investigations into mammary carcinoma made in the course 
of the last years. Another reason for a more exhaustive investigation is 
the fact that the 020 strain shows only a relatively low incidence of mam- 
mary carcinoma. A study of the parent-offspring correlation revealed 
that the mammary tumor agent is not involved in the occurrence of mam- 
mary tumors in this strain. This contention was substantiated by nega- 
tive tests for the presence of the agent in these mammary tumors and 
in blood and various organs of animals of the 020 strain, and by the fact 
that reciprocal hybridization failed to reveal an extrachromosomal mater- 
nal influence. This led to further investigations into the susceptibility 
of the 020 strain to the mammary tumor agent. Foster-nursing of 020 
females by high-cancer strain DBA females caused a marked increase in 
the incidence of mammary carcinoma, but the percentage found in the 
DBA strain itself was not reached. investigations into the transmission 
of the mammary tumor agent in the 020 strain substantiated the view 
that the ability of various strains of mice to transmit the agent corre- 
sponds to their susceptibility. The mammary tumor agent may be 
transmitted for 2 to 3 generations in the 020 strain, but was invariably 
lost later. It is therefore impossible to turn the 020 strain into a high- 
cancer strain as has been done with other strains. No explanation for 
the disappearance of the agent has as yet been found. It is probably 
attributable, however, to insufficient propagation of the agent. The 
marked individual differences in transmission of the agent were a striking 
feature in the investigations. 

The histologic structure of mammary carcinomas in strain 020 mice 
generally corresponds to that in other strains. The only (gradual) 
difference was found in the relatively high frequency (30%) of “‘carcino- 
sarcoma” in the 020 strain. This histologic variation is not, in our opin- 
ion, based on truly sarcomatous growth of the stroma, but on anaplasia 
of carcinoma cells, which assume a spindle shape. This tendency to 
anaplasia is more marked in the 020 than in the DBA strain, and there- 
fore is probably dependent on genetic factors. The behavior of 020 
carcinomas after transplantation is similar. Carcinomas, even those with 
a purely epithelial structure, often assume a uniformly sarcomatous 
appearance after a number of passages, and then consist entirely of 
spindle cells. 

These changes in histologic structure in repeatedly transplanted carci- 
nomas have long been known, and are referred to as sarcomatous trans- 
formation. The following explanations have been considered: a) The 
carcinoma cells lose their epithelial character upon continued transplanta- 
tion and resemble undifferentiated sarcoma cells. 6) Stromal cells from 
the original tumor gradually become malignant as a result of transplanta- 
tion, and replace the carcinoma cells. c) The transplanted carcinoma 
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cells stimulate the connective tissue of the host in such a manner that this 
becomes sarcomatous and replaces the carcinoma upon subsequent 
transplantation. d) The transplanted tumors were not pure carcinomas, 
but consisted of malignant epithelial cells and malignant connective tissue 
cells. 

This sarcomatous transformation has been observed in various mouse 
tumors, including mammary carcinomas (19), hepatomas (24), granulosa- 
cell tumors of the ovary (25), intramandibular carcinomas (26), and pul- 
monary tumors (27). The findings obtained establish with certainty the 
importance of a genetic influence. Transplantation of mammary carci- 
noma of the 020 strain is more rapidly and more frequently followed by 
sarcomatous transformation than in the DBA strain. 

The fact that spontaneous tumors of the 020 strain also contain “‘sarco- 
matous”’ areas shows that this transformation is not directly correlated 
to transplantation. Since we regard this phenomenon as spindle-cell 
anaplasia of the carcinomas, it is our contention that the 020 strain is 
characterized by a marked tendency to anaplasia in mammary carcinomas. 
This tendency is so marked that the primary tumors in many cases already 
show signs of it. The majority of primary tumors with a purely carcino- 
matous appearance assume a sarcomatous character after transplantation. 
In the 020 strain, this tendency to sarcomatous transformation was seen 
particularly in agent-free tumors. 

Mammary carcinoma in strain 020 mice is preceded by the occurrence 
of hyperplastic adenomatous nodules in the tissue of the mammary glands. 
The number of nodules is increased by breeding and by infection with the 
mammary tumor agent. The tendency to carcinoma in these nodules, 
however, remains unaltered, the frequency of carcinoma in virgins and 
breeders and in animals with and without the agent being proportional 
to the number of nodules. Comparison with the DBA strain shows 
that the form, size, and incidence of hyperplastic nodules depend on 
genetic factors, as does the tendency of the nodules to carcinomatous 
transformation. 

Summary 


The 64th to 74th inbred generations of the 020 Amsterdam strain of 
mice were used in investigations into the occurrence of mammary carci- 
noma. The mammary tumor incidence was nil in virgin females, 5 per- 
cent in breeders, and 13 percent in force-bred females. The parent- 
offspring correlation, tests applied to the mammary tumors and to various 
organs, and the mammary tumor incidence in various F; hybrids failed 
to provide evidence of the presence of the mammary tumor agent in the 
020 strain. Females of the 020 strain are susceptible to the mammary 
tumor agent and able to transmit the agent to their offspring. The sus- 
ceptibility and the transmission, however, do not suffice to render 020 
a high-cancer strain. 

Mammary carcinoma in the 020 strain shows a marked tendency to 
anaplasia (“carcinosarcoma”). Transplantation is as a rule fairly rapidly 
followed by sarcomatous transformation. This, too, is regarded as a 
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result of epithelial anaplasia, and this tendency to spindle-cell anaplasia 
seems to depend on genetic factors. The mammary tumor agent seems 
to inhibit rather than to promote the transformation. In the 020 strain, 
the frequency of hyperplastic precarcinomatous nodules in the mammary 
gland is considerably lower than in the DBA strain. The frequency of 
the nodules depends on the genetic constitution, hormonal influences 
(pregnancy), and the mammary tumor agent. Carcinomatous trans- 
formation is not influenced by hormones or by the agent, but depends on 
the genetic constitution. 
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PuiaTE 10 


Fiaure 1.—Spontaneous mammary tumor of a strain 020 female mouse aged 17 months, 
force-bred (#13645). The structure of this tumor was mainly acinar, with solid 
areas and small cysts. In some areas (such as the one shown here) the stroma was 
very cellular, with large irregular spindle cells. There were transitions from epithe- i 
lial to spindle cells. This structure is carcinosarcomatous. X 160 


Figure 2.—Spontaneous mammary tumor of a strain O20 female mouse aged 14 
months, force-bred (#8036). This tumor is a carcinosarcoma. Note the epithelial 
area with acinar structure and evidence of transition to bundles of spindle cells. 
xX 200 
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PLATE 11 
Figure 3.—Spontaneous mammary tumor of a strain 020 female mouse, force-bred, 
aged 24 months (#8292). Adenocystous carcinoma, partly papilliferous. 160 | 
' 
FigURe 4.—Same tumor as in figure 3, after transplantation (second passage). The 
tumor consists of epithelial strands lying in very cellular stromalike tissue. The 
structure is like carcinosarcoma. X 160 
FigtrRe 5.—Same tumor as in figure 3, after further transplantation (fifth passage 


Spindle cells are arranged in bundles; the tumor now looks like a sarcoma. 160 
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Quantitative Relation Between Growth 
of Ehrlich Ascites Tumor and Reduc- 
tion’of Liver Catalase Activity?’ 


Bautpuin Luckfé* and Mary Berwick, Depart- 
ment of Pathology, University of Pennsylvania 
School of Medicine, Philadelphia, Pa. 


It has been shown for a large variety of transplanted neoplasms: 
a) that cancer, no matter where located, leads to decrease of liver catalase 
activity, and b) that such decrease is progressive with the growth of 
cancer (1, 2). However, a precise quantitative relationship has not been 
established between decrease in liver catalase activity and increase in 
population of tumor cells. The so-called ascites tumors appear to be 
especially suitable for this purpose. They are highly malignant, the 
cells being able to multiply in the ascitic exudate they induce. After 
cell division, the daughter cells separate and each leads its own existence, 
physically independent of all the others. Hence, the number or the 
total volume (i.e., the total mass) of the neoplastic cell population can be 
ascertained accurately by the methods customarily used for free cells 
such as erythrocytes. 

For the purpose of the present experiments, simultaneous investigation 
of growth of the cancer and determination of liver catalase activity was 
necessary. The first part of this paper deals with the kinetics of growth 
of a strain of the Ehrlich tumor; the second part with the relation between 
growth of this cancer and rate of decrease of liver catalase. 


Material and Methods 


A strain‘ of the Ehrlich ascites tumor was kindly supplied by Dr. 
Margaret Reed Lewis, of the Wistar Institute, where it had been main- 
tained for several years. Little is known about the lineage of this strain 
other than that it originally had been obtained from a European laboratory. 

The tumor was propagated in male mice of two different stocks: Swiss 
albino and C57BL. The age and weights of the animals in any one 
group were kept as uniform as possible, and averaged 10 weeks and 20 
gm., respectively, at the beginning of each series of experiments. The 

! Received for publication April 20, 1954. 

3 This investigation has been aided by a grant from The Jane Coffin Childs Fund for Medical Research and, 
in part, by the A. Atwater Kent Medical Research Fund of the University of Pennsylvania. 

3 Deceased, April 26, 1954. 

4 Dr. T. Hauschka of the Institute of Cancer Research, Fox Chase, Philadelphia, informs us that there are now 


in existence several strains of the Ehrlich ascites tumor. These differ in such characteristics as chromosome con- 
stitution (ploidy valence), rate of growth, and amount of blood in the ascitic fluid. 
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animals were maintained under similar environmental conditions and 
given an unlimited supply of water and Purina laboratory chow. In 
transplantations the customary aseptic conditions were observed. Only 
milky white suspensions of tumor cells (not tinged with blood) from a 
6- or 7-day-old growth were used. The amount injected was usually 
about 0.2 cc. and contained approximately 20 million tumor cells. 

Mice from the inoculated groups were chosen at random and sacrificed 
at regular intervals of 24 hours by cervical fracture. The animals were 
pinned to a board, and the skin over the abdomen was incised and stripped 
off. The denuded abdominal wall was grasped with two forceps and 
gently pulled forward so as to form a protruding pocket. <A blunt-tipped 
large-bore needle attached to a syringe rinsed with a dilute solution of 
heparin was used to puncture the peritoneum. First, the tumor-cell 
suspension was withdrawn and placed in a graduated glass-stoppered 
cylinder; then the peritoneal cavity was rinsed four times with small 
quantities of isotonic saline; the four washings were pooled with the 
undiluted cell suspension; and the total volume was recorded. 

Two methods for measuring the rate of growth of the tumor-cell popula- 
tion were used, each serving as a check of accuracy against the other: 1) the 
total number of cells present in the fluid was counted; and 2) the corre- 
sponding total mass of neoplastic protoplasm was determined. 

For counting we used a bright-line hemocytometer with Neubauer 
rulings. Each of two observers independently counted the cells in five 
large (1 mm.) squares on both platforms, so that the numbers obtained 
were based upon a total cell count of 20 large squares. The easily recog- 
nized polymorphonuclear leukocytes or red blood cells, when present, 
were disregarded. The total number of tumor cells was readily computed 
from the quantity of fluid and the number of tumor cells per cubic 
millimeter. 

The total mass of neoplastic protoplasm (7.e., total volume of tumor 
cells) relative to the suspending fluid, was measured by means of capillary 
hematocrit tubes centrifuged for 10 minutes at a force of about 30,000 X g. 
The advantages of this method and the technique have been described 
by Parpart and Ballentine (3), and by Strumia and Principato (4). In 
the present determinations a recently developed high-speed, electrically 
driven capillary centrifuge was used.’ The hematocrit measurements 
were made by two workers, each using three or four capillary tubes; the 
values therefore represent an average of at least six determinations. 
From the total volume of fluid and the hematocrit values it is a simple 
matter to obtain the total volume of neoplastic protoplasm. 

A comparison of the data from a representative experiment extending 
over a period of 10 days is shown in text-figure 1. Here the total numbers 
of cells present at 24-hour intervals have been plotted against the corre- 
sponding total cell volumes. The relation is seen to be linear. 


§ The capillary centrifuge and the capillary hematocrit reader are designed and manufactured by the Drum- 
mond Scientific Company of Philadelphia. The data obtained agreed satisfactorily with determinations made 
with an air-turbine hematocrit and measured with a micrometer slide cathetometer. 
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TEXT-FIGURE 1.—Linear relation between number of cells and their corresponding 
total volume (mass). Each point represents the mean value obtained from 5 mice. 
(The straight line in this and other graphs has been fitted to the points by the use 
of the regression equation.) 


It remains to consider the more important possible errors in these 
measurements, and the means for their correction. First, there is the 
unavoidable variation among individual mice. This variation was min- 
imized by using three to five mice for each determination. Second, it is 
likely that not every free tumor cell in the ascitic fluid was removed, even 
after washing out the peritoneal cavity four times; however, we have 
estimated by trial that the number of remaining cells was less than 5 
percent of the total. Third, inoculation of the tumor cells leads to exuda- 
tion of inflammatory cells for several days. Other investigators have 
carefully determined the relative number of tumor and non-tumor cells, 
and the composition of the inflammatory exudate (5-7). There is general 
agreement that polymorphonuclear leukocytes predominate, and that 
there are no certain criteria for differentiating other inflammatory cells 
from the neoplastic cells. We have attempted to adjust the tumor-cell 
counts by making smears and differential counts, but such adjustments 
are difficult to make for the hematocrit values. It is therefore probable 
that a maximal error of 10 percent must be allowed. Fourth, errors in 
cell counts and in hematocrit determinations are to be considered. These 
we believe to be relatively insignificant. Lastly, in these experiments the 
ascitic suspension tended to become bloody after 8 to 10 days with the 
strain of tumor used; therefore, in experiments extending beyond the 
period when the tumor suspension remains free from blood, the cell counts 
and hematocrit measurements must be carefully corrected. In shorter 
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experiments animals with hemorrhagic fluid were rejected and only those 
with milky exudates used. This was made feasible by always inoculating 
a greater number of mice than were required in order to obtain mean 
values from three to five animals. It seems fair to estimate that by these 
several means our error in the growth curves did not exceed 15 percent, 
and probably was less. 

The preparation of the liver for catalase assay and the method for 
assay were the same as previously described (8). In all mice portions 
of the liver were routinely removed for histologic study. No tumor 
metastasis was ever present. 

A total of 374 mice were used for this study; 271 were of the Swiss 
stock, 103 of the C57BL stock. The relation between growth of tumor 
and liver catalase activity was evaluated in 227 mice from the series. 
The remainder served only for growth studies.® 


Results 
I. Kinetics of Growth of the Ehrlich Ascites Tumor 


a) Growth cycle of the tumor.—The first group of studies was concerned 
with the entire growth cycle of the population of tumor cells as free cells. 
A representative experiment is graphically shown in text-figure 2. Total 
number and total volume of cells are plotted against time at intervals 
of 24 hours for a period of 16 days; that is, to the death of the animals.’ 
The smoothed curve drawn through the points is bell-shaped. Such 
a curve of growth for a population of ascites tumor cells is essentially 
similar to curves obtained for growth of cultures of bacteria, protozoa, 
or of more complex organisms, confined to a restricted area (9-13). The 
bell-shaped growth curve represents variations in the growth rate during 
different phases of the entire cycle. It is convenient to distinguish several 
phases. Under the conditions of our experiments (i.e., transplanting a 
relatively large number of cells from an actively growing tumor and 
making the earliest determinations 24 hours thereafter) the initial phases 
of growth could not be recognized. The first recognizable phase extended 
from the 1st to the 6th or 7th day. During this time, as will be shown, 
the population of tumor cells increased exponentially at a constant rate. 
Then the increase became slower, a stationary period being attained 
around the 10th day. From that time until the death of the animal, 
growth of the population declined rapidly, and the rate of decline (or 
negative growth) again became exponential. 

The various physical and chemical factors that progressively limit the 
growth of the cell population need not concern us here. What is crucially 
relevant is that after a certain time a gradual decline in numbers of free 
cells is an inevitable feature of all ascites tumors. These tumors are 
merely particular forms of growth of a variety of neoplasms; they are not 

¢ The careful technical assistance of Messrs. W. Wentz, M. A., and R. Shinn, B. A., in the conduct of the experi- 
ments is gratefully acknowledged. 


7 As time progresses a number of mice may die, or the ascitic fluid become too hemorrhagic. For this reason 
an available excess of tumor-bearing mice is essential. 
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distinct neoplastic entities (5, 14). The ascites form of growth is not a 
fixed state; it is reversibly bimorphic. Not only do ascitic suspensions 
of free cells form solid tumors when introduced into a solid tissue (e.g., 
subcutaneously), but in the peritoneal cavity itself, after a period of 
growth as free cells, solid infiltration of various organs occurs or solid 
tumor aggregates develop. When this has happened it is no longer 
possible to investigate growth of the entire tumor-cell population; the 
technical difficulties become even greater than in the study of solid 
tumors in an accessible tissue. Infiltration is usually first detectable 
about six days after inoculation, but even after eight or more days may 
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TEXT-FIGURE 2.—Bell-shaped curve of growth of a population of free ascites tumor 
cells. Each point represents the mean value obtained from 5 mice. 


not always be visible to the naked eye (6, 15). Following the life cycle 
of the population of cells that remain freely suspended and unattached 
is all that is possible. 

b) Exponential phase of growth of free ascites tumor cells —To relate the 
growth of this cancer quantitatively to the rate of liver catalase diminution, 
we have confined our studies principally to that period in which increase 
in tumor-cell population progresses at a steady and maximal rate. In all 
our experiments this phase was found to extend over a period of six days 
following inoculation. 

For cancer cells, as for normal cells, it is reasonable to assume that during 
the period of unrestricted growth as free cells the rate of growth is propor- 
tional to the number of cells present: 


dN _ 
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In this differential equation the variables are the time, t, and the number 
of cells, N; K is a factor of proportionality. 
Integrating this becomes 


InN=K+t [2] 
On integration between the limits ¢, and f, we obtain 
InN,—1nN,=k(t.—t,) [3] 


Where N, equals the number of cells at times ¢,, and N, the number 
corresponding to ¢,, k is a constant that may here be termed a growth 
constant. 

Rearranging and using the more convenient logis, the equation becomes: 


(log N2—log N;) 


k=2.303 “S$ [4] 





It is useful to express increase in numbers of cells in terms of the times 
required to double their population. This may be done either arith- 
metically or graphically. 

The arithmetical method requires finding the time when N.=2N;. We 
thereforel substitute 2N, for N2 in equation [4], and consider ¢, as the 
doubling or reduplication time. 

Solving for t, we write: 


2.303 2N, 
i= E log N, 





+h (5) 


In this equation N, cancels out, leaving log 2. Since 4, may be taken 
as equal to 0 (i.e., initial time), we obtain the simple expression: 





The mean value of k& is obtained with equation [4], using different 
intervals of time and averaging the resulting figures. 

Alternately, the doubling time can be computed by a graphic method. 
When the logarithms to the base 2 of the numbers of cells (experimentally 
determined at regular intervals of time) are plotted as ordinates against 
time, an increase in one unit of the ordinates corresponds to a doubling 
time. 

In the present experiments a straight line fits the points; hence, the 
mean value of the doubling time is readily given by the slope of the line. 

To find the doubling time for total volume instead of total number of 
cells, V is substituted for N in the above equations. 

The results of these computations in a representative experiment are 
shown in text-figures 3 and 4, where log, of the total number and of the 
total volume of the tumor cells, respectively, are plotted against time. 
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The best fit to the points is a straight line, indicating that growth of the 
population of tumor cells proceeds at a steady rate. After six days, 
however, the rate declines as shown in the middle graph of text-figure 6. 

From graphs such as these (or arithmetically) the times required to 
double the total number or the total neoplastic volume were calculated. 
The results are summarized in table 1. The table shows relatively little 
variation for doubling times in the seven experiments. Giving equal 
weight to all experiments, the average time for the cell population to 
double in number was 21.4 hours, and to double in total volume, 25.2 
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TEXT-FIGURE 3.—Rate of growth of a population of ascites tumor cells during the 
exponential phase of increase in numbers. Each point represents the mean value 
obtained from 3 mice. An increase in one unit in ordinates corresponds to one 
doubling. The numerical value of the doubling time is given in table 1, experiment 2. 


hours. Thus a slightly longer time was required for the population to 
double in total volume than in total number. That there is not a 1:1 
relation between cell number and cell volume can be seen by inspection of 
text-figure 1. 

c) The average size of individual cells during the growth cycle—Growth 
is the result either of multiplication of cells or of increase in their size; 
sometimes both factors operate. In most species of bacteria there occurs 
a marked increase in cell size during the early hours of growth (16, 17). 
Similarly, Goldie and Felix (18) have lately shown for the ascites form 
of Sarcoma 37 that the size of the cells often increases considerably 
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TEXT-FIGURE 4.—Rate of growth of a population of ascites tumor cells during the 
exponential phase. This graph differs from the preceding in that total volume of 
cells instead of total number has been used as a measure of growth. The numerical 
value is given in table 1, experiment 2. 


TABLE 1.—Times, in hours, for tumor cells to double in total 
number (t2~) and in total volume (tzy) 
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during the first 24 hours after inoculation. The present experiments 
tend to confirm these findings. When the average volume of the indi- 
vidual cells was computed from the expression 


Total volume of cells per cm.’ 
Number of cells per cm.’ 





Average volume= 
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the size during the first day or two was slightly but significantly larger 
than during the remainder of the growth cycle of the population. After 
this initial period the size of the tumor cells remained at a steady level. 
But it is during the initial period of growth that errors in measurements 
are most likely to occur. We have therefore contented ourselves with 
calculating the mean size of cells for the 3rd to 6th or 8th day. In 114 
mice the mean size of the individual cells was 2188 »*, corresponding for 
spherical cells to a diameter of 15.88 ». As a check of accuracy we have 
measured directly with a filar ocular micrometer 100 consecutive tumor 
cells from each of two mice during a period of eight days, and obtained 
a mean diameter of 16.41 4. The maximal error in these measurements 
is +1 y. Any variations in size during growth fall within these limits. 
We conclude therefore that this tumor grows almost exclusively by 
multiplication of the cells and that, at least after the first two days, no 
significant change in cell size takes place. 


IT. Relation Between Growth of the Ascites Tumor and Rate of Decrease of 
Liver Catalase 


Preliminary experiments made it evident that liver catalase activity 
decreased as the tumor-cell population increased. In the definitive 
experiments the relation between these two processes was determined 
quantitatively. This relation can be illustrated by a typical experiment 
(text-fig. 5). Here, & expresses the catalase activity of an amount of 
liver equivalent to 0.03 mg. N; growth of the tumor is represented in 
terms of log, of the total number and total volume of cells. It is seen 
that during the period of steady rate of growth there was a corresponding 
steady and approximately linear rate of diminution of liver catalase activity. 

The numerical value of this relation in the experiment graphed can 
now be computed. 

Liver catalase activity on the first day of growth had a value of 0.551 
units; this fell to 0.234 on the sixth day. Therefore, during five days 
catalase activity diminished by 0.317 units. Dividing by 120 hours, we 
obtain an average diminution of 0.00264 units per hour; multiplying this 
figure by 21, the number of hours in which the number of cells in the 
present experiment doubled, we obtain 0.0554 units. This figure repre- 
sents the average diminution of liver catalase activity per doubling time 
of the cell population. 

To compute the percentile diminution of catalase per doubling time in 
number of tumor cells, the initial value, 0.551 units, is taken as 100 
0.0554 
0.551 
In this example, for every doubling in population of cells, liver catalase 
activity is diminished by 10.05 percent of its initial value. 

The values for rate of decrease in catalase activity during growth of the 
tumor in this and five other experiments are collected in table 2. Here 
the decrease of catalase has been computed for doubling time of tumor 
cells in number and in total volume, and for the corresponding percentile 


percent activity. Hence, 





X100 gives the percentile diminution. 
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TExtT-FIGURE 5.—Approximately linear rate of decrease in liver catalase activity during 
exponential phase of growth of ascites tumor cells. Each point represents the mean 
value obtained for 2 mice. Numerical values are given in table 2, experiment IV. 


TABLE 2.—Rate of decrease of liver catalase during growth of the tumor* 





























’ : Average percent re- 
ns duction of catalase 
doubling time of od - oe 
, a tumor cells in: — o ae oe 
Experiment No. noo sl 
Total Total Total Total 
number volume number volume 
(a) (b) (c) 
| Ree ee ec 8 0. 0505 0. 0695 9. 47 13. 04 
a a wage a te Ss . 0303 . 0554 5. 88 10. 76 
Bar. devas tk rica Soo eri Ss . 0267 . 0289 5. 05 5. 46 
a ee a Cc . 0554 0631 10. 05 11. 45 
, SREP rare C . 0455 0522 8. 85 10. 16 
Withtrtneuceceenuen Cc . 0412 0573 8. 08 11. 24 
a ) . 0358 0513 6. 80 9. 75 
aes Cc . 0474 0575 8. 99 10. 95 
Average (total)... $+C . 0416 0544 7. 90 10. 35 











*This relation is expressed as average reduction of catalase activity per 0.03 mg. N of liver for each doubling 
time of tumor cells (a) in number, and (6) in total volume; (¢) and (4) give the corresponding reduction as percent 
of initial catalase activity. 
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decrease. As is to be expected, there are some variations, but on the 
whole the values in the different experimental series are fairly consistent. 

In a few additional experiments we tried to ascertain what happens to 
liver catalase when tumor growth has progressed beyond the exponential 
phase. A sample of this group is illustrated in text- e6. The lower 
curve, typically sigmoid in shape, represents growth until the stationary 
period is reached. In the middle graph, log, of the number and volume of 
cells are plotted. It is obvious that the steady phase terminated at six 
days. In the upper graph a straight line has been fitted to the catalase 





Cotolose activity - “K 
° 
b 
ny 
uO 
| 





t 
° 


O05 


' 
o 
°o 


S 


! 
o 
° 


a 
a 
\ 
1 ' 
’ ‘ ‘ 
uw nN > 
o °o © 
Logs Toto! volume of cells (cm >) 
' ' 
~ ©@ 
an) 
© Log» Toto! number of cells (x 10® 


we 
°o 





; 8 
$ 











Toto! number of celis (x 10%) 
8 
' 
@ Totol volume of cells (em>) 


3 3 











° ' 2 3 2 bs) 6 7 8 9 10 
Days after inoculation of tumor 





TEXxtT-FIGURE 6.—Decrease in catalase activity in relation to growth of ascites tumor 
cells. Each point represents the mean value obtained for 3 mice. Numerical 
values are given in table 2, experiment III. Lower graph: When number and 
corresponding total volume of ascites tumor cells are plotted against time until 
growth becomes stationary, a sigmoid curve is obtained. Middle graph: When the 
same data are plotted as logarithms to the base 2 against time, it is seen that growth 
of the cells continued at a constant rate for only 6 days; thereafter the rate declined. 
Upper graph: Liver catalase activity, however, appears to have decreased in an 
approximately linear manner even during the nonexponential phase of growth of 
the tumor cells. 
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units. The continued fall of catalase values at an approximately steady 
rate beyond the sixth day suggests the possibility that after that time 
the factor responsible for diminution of catalase was contributed not only 
by cells growing in free suspension but also by cells having an infiltrative 
form of growth. 


Discussion 


Of the many papers on the characteristics of the several kinds of ascites 
tumors, those recently published by Klein (5), Lettré (19), Hauschka 
(20), Sugiura (15), Lasnitzki (14), and Goldie and Felix (18) are of special 
value and give references to the pertinent literature. There are, however, 
but two quantitative investigations on rates of growth of these cancers 
that permit comparison with the results recorded here: the work of Patt, 
Blackford, and Drallmeier (7) who used the Krebs tumor, and that of 
Klein and Révész (6) who used the Ehrlich tumor and the MC1M sarcoma. 
In both these studies, enumeration of tumor cells in groups of mice 
sacrificed at intervals served as measures of growth. 

In the present experiments it was necessary first to find a quantitative 
expression for the growth of the strain of Ehrlich ascites tumor used. 
Our results differ in some respects from those of other investigators. 
Klein and Révész (6) in their informative study found no evidence that 
the tumor-cell population ever had an exponential phase of growth. 
Instead, during the most active stages of growth, a plot of the cube roots 
of the number of tumor cells against time gave a linear relation. Ad- 
mittedly this is an approximation and, as they state, probably other types 
of equations could be fitted as well to shorter or longer parts of the ascites 
tumor curves. One reason for their selecting the cube-root relationship 
for growth of ascites tumors is because it seemed to permit comparison 
with available growth curves of solid tumors, the mean diameter of which 
is said to increase linearly with time. It is the validity of such comparison 
that we wish to question. Measurements of solid tumors do not give 
any information as to growth of the tumor-cell population; they yield 
information only about the increase of the mass as a whole. A solid 
tumor, like a solid normal tissue, is composed not only of living neoplastic 
cells but of varying quantities of stroma, blood vessels, intercellular fluid, 
necrotic material, and usually harbors many macrophages. Moreover, 
there does not appear to be agreement among investigators who have 
measured the growth of solid tumors. Lately, Hoffman (22) has criti- 
cized the interpretations made for the relatively large tumors (having 
diameters in the range of 10 to 40 mm.) that have mainly been measured, 
and stated that small tumors (having a diameter of less than 4 mm.) do 
grow exponentially. 

In contrast to the observations of Klein and Révész (6), Patt, Black- 
ford, and Drallmeier (7) found that the cell population of the Krebs 


8As a matter of fact, according to Richards and Kavanagh (2/), well over 150 different mathematical equations 
have been used to express the data for growing organisms. Not all have been applied to all kinds of growth, or 
can be so applied, but some of these equations are very flexible; and, as Monod (9) has said, consideration of the 
formal] laws of growth for their own sake is an approach that has repeatedly proved sterile. 
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ascites tumor (said to be closely related to the Ehrlich tumor) increased 
exponentially during the first three days when the inoculum was the 
same amount as in the present study (20 X 10° cells). The doubling 
time of the cell populations averaged 19 to 20 hours, which is nearly the 
same as in our experiments. With smaller inocula the exponential phase 
of growth continued for seven days. 

The steady rate of liver catalase diminution during the exponential 
phase of tumor growth can perhaps be explained by the hypothesis that 
the factor (or factors) responsible for this effect are elaborated and re- 
leased by the cancer cells, also at a steady rate. It seems likely that the 
abundant portal system of the peritoneal structures promptly resorbs and 
carries such factors to the liver. This hypothesis can be tested in further 
experiments. 


Summary 


A quantitative relation has been established between growth of a strain 
of the Ehrlich ascites tumor and rate of diminution of liver catalase. 

It was found that this tumor grows at a steady exponential rate during 
the first six days after inoculation. Thereafter the growth rate declines, 
approaches a stationary period, and then enters a negative phase. The 
complete growth curve of the free tumor cells has essentially the same 
shape as that of a culture of bacteria or other unicellular organisms in a 
restricted space. 

During the exponential phase the time required to double the tumor- 
cell population averaged 21.4 hours, and to double the neoplastic mass 
(volume) 25.2 hours. 

For every doubling of the cell population in number, activity values of 
liver catalase diminished on the average by 0.0416 units, and by 0.0544 
units for every doubling of total tumor mass; the corresponding percentile 
reductions, in terms of initial catalase value, were 7.90 and 10.35, re- 
spectively. It is concluded that during the exponential phase of tumor 
growth the inhibitors of liver catalase are elaborated and released at a 
steady rate by the tumor cells. 
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Experimental Studies in Metal Cancer- 
igenesis. VI. Tissue Reactions in Rats 
and Rabbits After Parenteral Introduc- 
tion of Suspensions of Arsenic, Beryl- 
lium, or Asbestos in Lanolin? 


W. C. Huepesr, National Cancer Institute,? Beth- 
esda, Md. 


The development of cancers in rats at the sites of deposition (thigh, 
thoracic wall) of powdered metallic nickel or uranium suspended in lanolin 
was reported in previous publications (1, 2). A similar technical approach 
has been employed in studying several other metals and minerals— 
namely, beryllium, arsenic, and asbestos—which in the form of com- 
pounds have definitely or tentatively been related to the production of 
cancers in man and/or experimental animals. Although the results 
obtained in these investigations were either negative or equivocal as to the 
causation of tumors by the materials injected, it was thought desirable to 
place the observations made in these long-term experiments on record 
because they are of some methodologic importance. 


Experimental Procedures and Observations 


1. Arsenic 


A. Intrafemoral administration 


Twenty-five male Osborne-Mendel rats, about 5 months old, were 
injected through a drill hole into the marrow cavity of the right femur with 
0.2 cc. of a suspension (1 percent by weight) of metallic arsenic in lanolin. 
This procedure was repeated in the left femur some 10 months later. The 
individual dose of arsenic administered was approximately 0.43 mg. 

Six Dutch rabbits about 3 months old were given 0.3 cc. of the same 
suspension into the right femur. 

Among the rats, 2 died during the first 6-month period, 10 during the 
second, 9 during the third, and 4 during the fourth. Of the rabbits, 2 died 
during the second 6-month period, 1 during the fourth, 1 during the fifth, 
1 during the seventh, and 1 during the eighth. 

Only one rat, which survived 21 months, developed a tumor at the site 
of injection. The node was firm, was attached to the femur, measured 
about 3 cm. in diameter, and was a spindle-cell sarcoma (fig. 1). 


1 Received for publication March 23, 1954. 
3 National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 
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In another rat, white medullary masses with hemorrhages were present 
in the mesentery, the retroperitoneal and mediastinal lymph nodes, and 
in the lungs. The mesenteric tumor consisted of irregularly arranged 
masses of oval and spindle cells of irregular size (spindle-cell sarcoma). 

A third rat had a large firm mass measuring about 5 cm. in diameter 
and occupying the region of the right ovary, with metastatic growths in 
the right kidney and lungs. The ovarian node was mainly composed of 
a loose fibromatous tissue with large ectatic vascular formations, small 
areas of cancellous bone, and ill-defined nodules of an anaplastic sarco- 
matous tissue in which many hyperchromatic and grotesque nuclei were 
embedded in a sarcomatous matrix of small oval and round cells. It was 
thus a teratomatous cancer of the ovary. 

An indistinctly outlined papillary adenoma of the lung was the fourth 
tumor observed in a rat of this series (fig. 2). 

While the intrafemorally injected arsenic-lanolin suspension seemed to 
have a causal relation to the spindle-cell sarcoma of the thigh found in the 
first rat, it is most unlikely that the other three tumors can be attributed to 
this source and thus they were apparently of “‘spontaneous” origin. None 
of the six rabbits showed any neoplastic reactions. 


B. Intrapleural administration 


Twenty-five 4-month-old Osborne-Mendel rats (17 female and 8 male) 
were injected into the right pleural cavity through the supraclavicular 
fossa with 0.05 cc. of the arsenic-lanolin suspension, once a month for six 
successive months. 

Of these rats, 3 died during the first 6-month period, 8 during the second, 
5 during the third, and 9 during the fourth. 

There were no neoplastic reactions in the thoracic wall, pleura, or lungs 
of any of the rats. However, they frequently showed acute and chronic 
inflammatory manifestations of the lungs and pleura. Three of the female 
rats had single or multiple, well encapsulated and lobulated soft tumors 
located in the subcutaneous tissue of the mammary line and showing the 
typical structure of adenofibromas of the breast tissue. A fourth rat had 
a dark-red mass measuring 2 cm. in diameter in the ileocecal region, con- 
sisting of densely packed, large round cells with a scattering of giant cells. 
A metastatic node of this round-cell sarcoma of the ileocecal lymph nodes 
was attached to the serosal surface of the stomach. 

The arsenic-lanolin suspension injected into the right pleural cavity 
evidently had no causal relation to the neoplastic reactions observed in the 
rats of this series. 


C. Administration into the paranasal sinuses 


Twenty female Osborne-Mendel rats, 4 months old, were injected with 
0.1 cc. of a 1-percent suspension of arsenic in lanolin into the nasal sinuses, 
through a needle introduced into the right nares. These injections were 
given on three occasions, with 2-month intervals between the individual 
injections. 
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Of these rats, 4 died during the first 6-month period, 1 during the second, 
7 during the third, and 8 during the fourth. 

At autopsy, 4 rats had typical adenofibromas or adenomas of the 
breast with cystic structures filled with a slightly yellowish, creamy 
material. In 2 of these rats the adrenal glands were enlarged and dark 
red, measuring about 1 cm. in diameter and showing, histologically, 
large multiple angiectatic structures located in the medullary portion 
and filled with albuminous or hemorrhagic matter. Endothelial cells 
lined the delicate walls. One of these rats had, in addition, a polypous 
growth projecting from the cervical orifice into the vagina, and measur- 
ing about 1 cm. in diameter. The polyp was composed of a rather 
cellular connective tissue lined by a stratified squamous epithelium. 

Among the other rats in this series, one had a cavernoma of the adrenal 
medulla, while in the adrenal cortex of a second rat was found an ill- 
defined, wedge-shaped growth of large cells with large round hyper- 
chromatic nuclei, which were about four times as large as those of the 
normal surrounding cortical cells. Two other rats had markedly enlarged 
hypophyses, measuring about 0.75 and 1 cm. in diameter, and deep red 
in color. These hypophyses were composed of basophilic cells either form- 
ing solid cellular masses or arranged in strands forming a framework, 
the meshes of which were filled by ectatic and congested capillary blood 
vessels (fig. 3). 

Two rats had multiple ill-defined adenomatoid proliferations of large, 
light-stained liver cells with sharply delineated cell borders and many 
mitotic figures (fig. 4.). 

The abdominal cavities of 2 additional rats contained white medullary 
and hemorrhagic nodular masses, located in the ileocecal regions or the 
mesentery, and extending in 1 of them into the intestinal wall and the 
pancreas. One of these mesenteric tumors was a large round-cell sarcoma. 
The second was composed of bundles of densely packed, ill-defined, round 
and oval-shaped cells with small hyperchromatic nuclei, embedded in a 
loose reticulum and surrounded by large angiectatic structures (retro- 
peritoneal reticulum-cell sarcoma—fig. 5). 

The presence of 15 neoplasms (4 adenofibromas, 3 adrenal angiomas, 
1 adrenal cortical adenoma, 1 endometrial fibrous polyp, 2 basophilic 
pituitary adenomas, 2 hepatomas, 2 abdominal sarcomas) among a total 
of 20 rats arouses the suspicion that the arsenic introduced into the nasal 
sinuses may perhaps have been involved through a systemic action in the 
production of some of them, although none of the various tumors origi- 
nated at the site of deposition of the arsenic. 


2. Beryllium 
A. Intrafemoral administration 
A suspension in lanolin of pure powdered metallic beryllium of 10 
percent by weight (obtained through the courtesy of Dr. H. E. Stokinger, 


University of Rochester) was injected in individual doses of 0.05 cc. 
into the right femur of 20 female Wistar rats, which were about 8 months 
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old. Of these, 3 died during the first 6-month period, 4 during the second, 
4 during the third, and 9 during the fourth (maximum observation time: 
24 months). 

Neoplastic lesions found among these rats at autopsy were as follows: 
One or several white, soft, lobulated, encapsulated tumors, located within 
the subcutaneous tissue of the mammary line and showing upon histologic 
examination the typical structure of mammary adenofibromas, were 
present in 7 rats. Enlarged, dark-red, speckled adrenal glands, measur- 
ing up to 1 cm. in diameter and containing multiple ectatic capillary 
spaces in the medulla, were found in 6 rats; a 7th had a cortical adenoma 
consisting of small to medium-sized, irregularly shaped cells compressing 
the cortex (fig. 6). And in 3 rats, white medullary and hemorrhagic 
nodular masses were located in the region of the mesentery or the ileocecal 
lymph nodes, with metastases to the liver and retroperitoneal lymph 
nodes in one of them, and to the lung, spleen, and medullary cavity of the 
femur in another (fig. 7). Histologically, two of these masses were large 
round-cell sarcomas, such as those derived from chronically inflamed 
and cystic ileocecal lymph nodes and usually associated with a chronic 
ulcerative cecitis, while the third was a teratomatous cancer with lympho- 
sarcomatous and anaplastic carcinomatous constituents (fig. 8). There 
were no tumors at the site of injection of the beryllium. 


B. Intrapleural administration 


The same 10-percent suspension of powdered metallic beryllium in 
-lanolin was employed for repeated injections into the right pleural cavity 
in 20 female Wistar rats, about 9 months old. Each rat was given a 
total of 6 injections of 0.05 cc. each, made through the supraclavicular 
fossa, once a month for 6 successive months. Of these rats, 7 died during 
the first 6-month period, 3 during the second, 5 during the third, and 5 
during the fourth. 

The lungs of these rats often contained granulomatous, fibrous, and 
hyaline lesions in which grayish-black amorphous clumps, apparently 
representing the injected beryllium, were observed. Similar deposits 
were sometimes found in the mediastinal tissue, and in verrucous excres- 
cences of the pleura consisting of a vascular granulomatous tissue with 
foam-cell accumulations. In only 1 rat there was a white, medullary 
mass in the mediastinum, which extended along the bronchial tree into 
the lungs and was composed of large round sarcoma cells. There were 
no other tumors at the site of deposition of the beryllium. However, a 
large ulcerated mass, extending from the lower spine into the inguinal 
region of a second rat proved to be a fibrosarcoma; while in a third rat 
there were white, fused nodes, of medullary and hemorrhagic appearance, 
in the ileocecal region and the mesentery which exhibited the histologic 
characteristics of a large round-cell sarcoma and which had formed 
metastases in the liver and marrow of the sternum. Benign tumors were 
noted in 3 additional rats, 2 of which had markedly enlarged adrenal 
glands—in one rat due to a medullary angioma, and in the second result- 
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ing from large cortical adenomas which occupied almost the entire organ. 
The third of these rats had a simple cystadenoma of the ovary, measur- 
ing 2 cm. in diameter and lined by a single layer of cylindrical cells. 

With the possible exceptions of the mediastinal round-cell sarcoma and 
the osteogenic fibrosarcoma of the spine, none of the other tumors observed 
had any evident causal relation to the beryllium that had been injected 
intrapleurally. 


3. Asbestos 


A. Intrafemoral administration 


Asbestos (Baker’s unwashed, medium fiber, lot No. 1-1147) was used 
as a suspension in lanolin (50 percent by volume and 54.5 percent by 
weight). Approximately 0.2 cc. of this preparation, containing about 
58 mg. of asbestos, was injected into the marrow cavity of the right femur 
in each of 25 male Osborne-Mendel rats, which were 5 months old. About 
0.5 cc. of the same suspension was introduced into the femurs of 6 Dutch 
rabbits when they were 3 months old. 

Of the 25 rats, 3 died during the first 6-month period, 7 during the second, 
11 during the third, and 4 during the fourth. Of the 6 rabbits, 1 died 
during the first 6-month period, 1 during the third, 1 during the fourth, 
2 during the sixth, and 1 during the seventh. 

The marrow cavity of the femurs as well as the surrounding muscle 
tissue of both the rats and the rabbits contained firm white nodes and 
cysts with fibrohyaline capsules. In the nodes and cystic walls, masses 
of grayish, crystalline material were found, some of which was included 
in phagocytic cells and some in foreign-body giant cells (fig. 9). 

The lumens of the cysts were occupied by masses of asbestos crystals. 
All lesions were relatively oligocellular and there was no evidence of any 
tumor formation at or near the site of asbestos deposits. However, in 
1 rat, a dark-red mass measuring about 4 cm. in diameter extended from 
the hilum of the left kidney into the right side of the abdominal cavity. 
Up to navy-bean-sized masses of similar appearance were present in the 
mesentery and spleen, were attached to the mediastinal surface of the 
sternum, and were firmly adherent in several places to the intestine. 
The tumor tissue consisted of densely packed, large, round cells which in 
places surrounded angiomatous structures (large round-cell sarcoma). 


B. Intrapleural administration 


Twenty-five 4-month-old female Osborne-Mendel rats were injected 
once a month for 6 successive months into the right pleural cavity with 
0.05 cc. of the 50-percent asbestos suspension in lanolin. Of these rats, 
5 died during the first 6-month period of observation, 10 during the second, 
5 during the third, and 5 during the fourth. 

None of the rats showed any neoplastic reactions in the lungs, pleurae, 
mediastinum, or thoracic wall—i.e., the tissues in which asbestos was 
deposited and where varying accumulations of asbestos needles and 
powder were found. Some of these asbestos particles were included in 
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the cytoplasm of phagocytes, some were surrounded by multinucleated 
giant cells forming part of a fibrosing and hyaline connective tissue, and 
some were present in cystic cavities walled off by fibrous capsules whose 
inner surfaces were lined by several layers of phagocytes filled with pow- 
dered asbestotic material. The only tumors observed were adenofibromas 
of the breast in 2 rats, of which 1 also had a large cortical adenoma of the 
adrenal gland. 

None of these tumors had any causal relation to the asbestos suspen- 
sion injected into the pleural cavity. 


C. Administration into the paranasal sinuses 


Twenty female Osborne-Mendel rats, 24 months of age, were injected 
through the right nasal cavity into the nasal sinuses once every 2 months, 
for a total of 3 injections, with 0.1 cc. of the asbestos suspension in lanolin. 
Of these rats, 2 died during the first 6-month period of observation, 6 
during the second, 4 during the third, and 8 during the fourth. 

Apart from a leukocytic exudate in the lumens of the paranasal sinuses, 
and chronic granulomatous inflammatory reactions in the mucosa and 
submucosa lining these cavities, no specific tissue reactions to the injected 
asbestos were found. There were, on the other hand, a number of his- 
tologically different tumors present at other sites. Cavernomatous 
angiomas were found in the medulla of adrenal glands of 5 rats, basophilic 
adenomas of the hypophysis were noted in 2 rats, adenofibromas of the 
breast in 2 rats, and a large round-cell sarcoma originating from the 
ileocecal lymph nodes and extending into the retroperitoneal ones was 
present in 1 rat. 

There was no causal connection between the asbestos injected into the 
nasal sinuses and the development of these neoplasms. 


4. Lanolin 


Since lanolin was used throughout as the suspending agent for the 
metals and the asbestos, rabbits and rats were injected with this material 
alone by the same three routes. 


A. Intrafemoral administration 


Two Dutch rabbits, 4 months old, and 25 male Osborne-Mendel rats, 
6 months old, were injected into the right femoral cavity with 0.3 cc. and 
0.2 cc. of lanolin, respectively. One rabbit died after 16 months, while 
the second was sacrificed after 44 months. Of the rats, 2 died during the 
first 6-month period, 4 during the second, 13 during the third, and 6 during 
the fourth. 

There were no tumors in the 2 rabbits. However, 1 of the rats had a 
firm, ill-defined, medullary tumor involving the right thigh and attached 
to the bone, which upon histologic examination proved to be a fibrosar- 
coma (fig. 10). 

A second rat showed enlarged, medullary, white, mesenteric lymph 
nodes and similar nodular masses in the liver, pancreas, and lung, which 
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were composed of masses of large round sarcoma cells surrounding an 
angiomatous network (fig. 11). 

In a third rat, a soft, white medullary tumor with the structure of a 
small round-cell sarcoma filled the mediastinum, extended into the lung 
along the bronchi, and infiltrated the epicardial fat tissue. In the lungs 
of 4 rats there were multiple, small foci of osteoid and osseous tissue located 
in the interalveolar septa and protruding as polyps into the alveolar 
lumens. These lesions were identical with those seen in 1 of the rats 
intrafemorally injected with arsenic (fig. 12). 

While the spindle-cell sarcoma involving the right thigh was evidently 
elicited by the injected lanolin, the 2 sarcomas involving the lymph nodes 
of the mesentery and mediastinum, respectively, and the osseous pul- 
monary lesions, had no relation to the injected lanolin. 


B. Intrapleural administration 


Twenty-five female Osborne-Mendel rats, 4 months old, were injected 
once a month for 6 months with 0.05 cc. of lanolin. Of these rats, 5 died 
during the first 6-month observation period, 5 during the second, 4 during 
the third, and 11 during the fourth. 

None of the rats showed any tumor formation in the lungs, pleural 
cavity, or thoracic tissue. However, 4 rats had adenofibromas of the 
breast of varying sizes, 2 had cavernous angiomas of the adrenal medulla, 
and 1 had a small papillary cystadenoma of the ovary lined with cylin- 
drical cells. This last rat, moreover, had a large, firm, white medullary 
mass, Measuring 5 cm. in diameter and attached to the greater curvature 
of the stomach. The mucosa of the forestomach overlying this mass 
formed a broad-based verrucous growth, which upon histologic examina- 
tion consisted of connective-tissue stalks lined by a stratified squamous 
epithelium. The main tumor proved to be a fibrosarcoma invading the 
submucosa. 

It is unlikely that any of the various neoplastic lesions found (1 fibro- 
sarcoma and squamous-cell papilloma of the forestomach, 1 papillary 
cystadenoma of the ovary, 3 angiomas of the adrenal medulla, and 4 
mammary adenofibromas) were causally related to the lanolin injected 
into the pleural cavity. ° 


C. Administration into the paranasal sinuses 


Twenty female Osborne-Mendel rats, 6 months old, were injected 
through the nares into the right nasal sinuses with 0.2 cc. of lanolin given 
twice with a 2-month interval between injections. Of these rats, 3 died 
during the second 6-month period of observation, 1 during the third, 
and 16 during the fourth. 

Only chronic inflammatory reactions were present in the mucosa and 
submucosa of the injected nasal sinuses. Adenofibromas of the breast 
of various sizes were found in 3 rats; 2 had basophilic adenomas of the 
hypophysis; 1 rat had a cortical adenoma of the adrenal gland; and 2 had 
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cavernous angiomas of the adrenal medulla. A chronic cystic cecitis 
and lymphadenitis were found in 1 rat. 

None of the neoplastic lesions can be attributed to the lanolin intro- 
duced into the nasal sinuses. 


Comment 


Among the numerous benign and malignant tumors of different histo- 
logic structure and location found in rats following the introduction by 
various routes of arsenic, beryllium, asbestos, and lanolin, only 2 fibro- 
sarcomas of the thigh—one in a rat intrafemorally injected with arsenic 
suspended in lanolin, and the second injected by the same route with 
lanolin only—seem to have a causal relation to the experimental procedure 
applied. It must seriously be doubted that the mediastinal lymphosar- 
coma and the spinal spindle-cell sarcoma found in 2 rats injected intra- 
pleurally ‘ith beryllium were chemically induced. Since a total of 250 
rats was used, the sarcoma attack rate at the site of injection of lanolin, 
with or wichout several mineral additions, stands at 0.8 percent. 

Similar observations on sarcoma attack rates were recently made in 
another set of experiments, in which powdered chromium and chromite 
ore were implanted at various sites, suspended either in lanolin or in 
gelatin. Of the 240 rats (100 Osborne-Mendel, 140 Wistar) employed in 
these experiments, 140 received lanolin, while 100 were given gelatin. 
Only 4 sarcomas appeared at the site of injection (thigh) and in 3 of the 
rats developing these tumors lanolin had been the vehicle, while in the 
fourth gelatin had been used (attack rate: 1.7 percent). These low sarcoma 
attack rates are in striking contrast to those observed in rats (Osborne- 
Mendel and Wistar strains) following the injection into the femur, pleural 
cavity, or veins of metallic nickel or uranium suspended in either lanolin 
or gelatin [53 sarcomas at the site of injection among 175 rats injected 
with nickel (30 percent) and 13 sarcomas among 66 rats injected with 
uranium (20 percent) (3)]. 

These observations indicate that single as well as repeated injections 
of the vehicles (lanolin, gelatin) did not elicit any significant number of 
sarcomatous reactions at the site of administration, but that the presence 
of a specific carcinogen is essential for causing such a response. This con- 
clusion receives additional support from the fact that the rats of the 
Osborne-Mendel strain used in the various experiments exhibited a 
marked tendency toward the formation of a large variety and number 
of ‘“‘spontaneous” tumors, thereby demonstrating a high degree of general 
neoplastic responsiveness. The results of these studies therefore indicate 
that previous observations (4-7) on the production of sarcomas at the 
site of repeatedly injected dextrose or sodium chloride solutions, or of 
lard or olive oil, have no general validity—as is shown also by the negative 
experiments of Schinz (8), who suspected that impurities present in the 
solutions used by other investigators might account for the positive 
results obtained by them. 


Journal of the National Cancer Institute 





Ww mm se §¢& 


ve 
he 


ve 


ARSENIC, BERYLLIUM, ASBESTOS, & LANOLIN STUDIES 121 


Additional evidence supporting a specific cancerigenic action of exog- 
enous agents parenterally introduced into the mesenchymatous tissues 
of rats was recently provided by the observations of Schmahl and Reiter 
(9), who reported that intraperitoneal or subcutaneous injections of 
liquid paraffin or yellow petrolatum into rats was followed by the devel- 
opment of sarcomas; the sarcomas had an osteosarcomatous character 
in the rats subcutaneously injected with yellow petrolatum. The paren- 
teral introduction of wool fat, on the other hand, elicited merely inflam- 
matory reactions at the site of injection. Even more convincing are the 
observations of Turner (10), Druckrey and Schmahl (11, 12), Oppenheimer 
et al. (18-15), and Zollinger (16), who succeeded in producing sarcomas 
in the subcutaneous and retroperitoneal tissues of rats around implants 
of various carbon and silicon polymers [Bakelite, cellophane, polyethylene, 
polyvinyl chloride, acrylic resin, polyamides (Nylon, 2-caprolactam), 
polysilicone, and polymerized tetrafluoroethylene]. Since similar “ polymer 
cancers” could be elicited in mice injected with some of these polymers, 
there can be little doubt as to the specificity of these reactions in rats. 

The results of the present investigations are thus also of methodological 
importance because they show the suitability of rats for the testing of 
chemicals such as metals, oils, and dyes administered by the subcutaneous 
route (17, 18). 

The multiple microscopic osteomas in the lungs of 4 rats, 1 of which 
had received an intrafemoral injection of arsenic in lanolin while’ the 
other 3 rats had been given intrafemoral injections of lanolin only, are 
not causally related to the material injected but obviously represent 
implants of small bony fragments which were pushed into opened vessels 
during the drilling process, lodged in the pulmonary vessels, and subse- 
quently proliferated. These artificial “benign metastases” resemble the 
pulmonary implants of thyroid tissue or endometriosis that occasionally 
are observed under the influence of special proliferative stimuli. It may 
be possible that such experimentally induced misplacements of bony 
tissue may be of value in the experimental production of osteogenic tumors. 

Among the 250 rats (83 males, 167 females) used in the various experi- 
ments reported here, 76 tumors (60 benign, 16 malignant) were found 
that had no apparent relation to the experimental conditions. 

Some of the rats had several tumors, either of the same type and 
affecting the same organ or tissues, or of different types and sites. Among 
the malignant tumors, the following types were observed: 

5 round-cell sarcomas originating in ileocecal lymph nodes; 

6 sarcomas of the mesentery and retroperitoneal tissues (2 round-cell 
sarcomas, 2 reticulum-cell sarcomas, 1 spindle-cell sarcoma, 1 
teratosarcoma) ; 

1 teratocancer of the ovary; 

2 lymphosarcomas of the mediastinal lymph nodes; 

1 spindle-cell sarcoma of the gastric wall; 

1 spindle-cell sarcoma of the spine. 
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Among the benign tumors noted were: 

25 adenofibromas and adenomas of the breast; 
3 cystadenomas of the ovary; 
1 papilloma of the forestomach; 
4 cortical adenomas of the adrenal gland; 

19 medullary angiomas of the adrenal gland; 
5 basophilic adenomas of the pituitary gland; 
1 fibroma of the uterus; 
2 hepatomas. 


The relatively advanced age of many of the rats at the time of death 
(155 were 18 months old or older) may account to some extent for the 
comparatively high frequency of tumors (31 percent) among the animals 
studied, since a 20-percent tumor rate was reported among a series of 
130 rats observed for 2 years by Shaffer, Cleveland, and Dutra (19). 
These rates, however, are much higher than those observed among the 
rats of the Wistar Institute (3.1 percent) and of the Columbia University 
Institute of Cancer Research (1.5 percent) (20). 

Among the various combinations of tumors that occurred in individual 
rats, of special interest are those in which possible hormonal associations 
may exist. In 9 rats, medullary hemangiomas of the adrenal gland were 
found together with fibroadenomas of the breast, while in 2 animals these 
mammary tumors coexisted with cortical adenomas of the adrenal gland. 
A simultaneous occurrence of hemangiomas of the adrenal gland with baso- 
philic adenomas of the pituitary gland was found in 3 rats, and a combina- 
tion of pituitary adenoma and mammary fibroadenoma existed in 2 other 
rats. All 5 basophilic adenomas of the hypophysis found among the 250 
rats were present in rats that received injections into the paranasal 
sinuses (lanolin with asbestos: 1; lanolin with arsenic: 2; lanolin: 2) 
Whether an irritative process elicited in the region of the base of the brain 
had any causal relation to the development of the pituitary adenomas, 
however, is uncertain. 

The 5 round-cell sarcomas originating from ileocecal lymph nodes were 
associated in every case with a severe chronic cystic cecitis (19, 21). 
While successful transplantation of several of these tumors to normal rats 
was repeatedly accomplished, all attempts to transmit these tumors 
through tumor tissue filtrates failed. 


Conclusions 


1) Rats injected into the marrow cavity of the femur, pleural cavity, 
or paranasal sinuses with powdered arsenic, beryllium, or asbestos sus- 
pended in lanolin did not develop any significant number of cancers— 
either at the site of deposition or in any remote organ—causally related 
to the chemicals introduced. Similar negative results were obtained with 
injections of lanolin alone. 

2) The sarcoma attack rate at the site of injection for the 250 rats used 
stands at 0.8 percent, contrasting sharply with that of 30 percent for 
rats injected with nickel suspensions and 20 percent for rats given paren- 
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teral injections of uranium suspensions. It can therefore be concluded 
that under proper experimental conditions the administration of chemicals 
into the connective tissues of rats is a reliable method for determining 
cancerigenic potentialities of chemicals, such as metals, oils and dyes. 

3) Multiple pulmonary osteomas were found in four rats following a 
traumatization of the femur by the use of an electric drill. The potential 
importance of this observation for experimental work on the production 
of osteogenic tumors is pointed out. 
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PLATE 12 


FicureE 1.—Spindle-cell sarcoma of the thigh of a rat, at the site of injection of an 
arsenic suspension in lanolin. x 280 


Figure 2.—Adenoma of the lung of a rat morphologically resembling those frequently 
seen in mice. X 380 


Figure 3.—Basophilic adenoma of the hypophysis in a rat, with cells arranged in a 
network surrounding lumens filled with erythrocytes. x 380 


Ficure 4.—Hepatoma composed of large, pale-stained tumor cells indistinctly out- 
lined against the smaller liver cells in the lower part of the picture. X 380 











126 HUEPER 


PLATE 13 


Ficure 5.—Retroperitoneal angiomatous reticulum-cell sarcoma of a rat, composed 
of broad strands of irregularly arranged and indistinctly outlined cells with rather 
small hyperchromatie nuclei, surrounded by a cytoplasm often forming a delicate 
reticulum. The, tumor-cell masses border on an ectatie capillary network lacking 
a clearly defined endothelial lining. * 380 


Figure 6.—Cortical adenoma of the adrenal gland in a rat. XX 380 


Ficure 7.—Round-cell sarcoma metastasis in the liver of a rat, originating from a 
primary sarcoma of the ileocecal lymph nodes. X 380 


Ficure 8.—Retroperitoneal teratomatous cancer in a rat, showing the carcinomatous 
and adjacent lymphosarcomatous portions of the tumor. X 380 








128 HUEPER 


PLATE 14 
Ficure 9.—Asbestotie granuloma showing a diffuse impregnation of the fibrous tissue 
with asbestos crystals and needles and foreign-body giant cells. 380 


Ficure 10.—Fibrosarcoma of the thigh of a rat, at the site of injected lanolin. > 380 


Ficure 11.—Hemangiosarcomatous metastasis in the liver of a rat, originating from 

a retroperitoneal hemangiosarcoma. The angiomatous portions are visible. 380 
Ficure 12.—‘Osteoma”’ in the interalveolar wall of the lung of a rat, extending into 
adjacent alveolar lumens originating from traumatic and hematogenously misplaced 
fragments of bony tissue. 315 
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Biological Studies on Stable and Radio- 
active Rare Earth Compounds. III. 
Distribution of Radioactive Yttrium 
in Normal and Ascites-Tumor-Bearing 
Mice, and in Cancer Patients with Se- 
rous Effusions*’ 


Rots Lewin, Hiram E. Hart,’ JosepH GREEN- 
BERG,‘ Herta Spencer, Kurt G. Stern, and 
Dante Laszxo,’ Division of Neoplastic Diseases, 
Montefiore Hospital, New York, N. Y. 


This study was carried out in normal and ascites-tumor-bearing mice 
and in terminal cancer patients in order to explore the potentialities of 
radioactive yttrium, Y®, in the palliative treatment of carcinomatous 
effusions in man. Our interest in this isotope arose from its favorable 
radiation characteristics, since it is a 2.2-mev §-emitter with a half-life 
of 60 hours, and from the chemical similarity of yttrium to rare earths 
such as lanthanum, for which intracavitary localization had been demon- 
strated previously (1, 2). Preliminary data on the intracavitary localiza- 
tion of Y® in man and in mice bearing ascites tumors have previously 
been reported from this laboratory (3, 4). 


I. Animal Distribution Experiments 
Materials and Methods 


Arrangement.—These experiments were carried out in strain A mice 
weighing approximately 20 gm. For distribution studies in tumor- 
bearing mice, the animals were inoculated with 0.1 ml. of undiluted Ehrlich 
tumor ascitic fluid. Three days after inoculation radio-yttrium was 
injected intraperitoneally into the ascites-tumor-bearing 7 mice and into 
normal mice. All animals were sacrificed 3 to 4 days after the adminis- 
tration of yttrium and the tissues were assayed for radioactivity. The 
muscle and bone samples used for assays were removed from the hind 
legs, and from these samples the total activity in muscle and bone was 
estimated, assuming that these tissues constitute 45 and 6 percent of 
body weight respectively. 

1 Received for publication April 5, 1954. 

4 This work was carried out under Contract No. AT(30-1)-1551 with the United States Atomic Energy Com- 
mission. 

3 Department of Physics, College of the City of New York. 

‘ Trainee, National Cancer Institute. 

5 The authors acknowledge the valuable technical assistance of Mrs. Betty Rosoff and Mr. Grady L. Williams. 

* The Ehrlich ascites tumor was the same as that used in previous experiments (2). 

7 Three days after inoculation of this ascites tumor the average ascites volume is approximately 0.5 ml. (range 
0.2 to 1 ml.). 
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Solutions.—From 140 to 275 mg. of Y.O; of high purity were irradiated 
in the reactor of the Brookhaven National Laboratories. The declared 
activities of the irradiated units ranged from 50 to 80 mc. of Y™ at the 
time of shipment. The “stock solution’ was prepared by dissolving the 
irradiated material in N HCl or N HNO; and adjusting the pH with 
NaOH to approximately 4.5. Further dilutions were prepared from this 
yttrium “stock solution’ with saline, and the specific activity was de- 
creased whenever indicated by the addition of suitable amounts of solu- 
tions of stable yttrium salt. These preparations were autoclaved in 
shielded, rubber-stoppered vials and their activity was assayed prior to 
the injections. Experimental standards were prepared immediately after 
the injection of the solution into animals by delivering an equivalent 
amount into a volumetric flask using the same syringe and needle. 

Sample preparation.—One to two ml. of the liquid samples—such as 
blood, urine, ascites fluid, or the standards—were pipetted onto small 
metal counting dishes (planchets) and dried by heating under an infrared 
lamp. ‘Tissue samples, less than 1.5 gm. wet weight, were placed into 
the planchets and dried overnight at 100° C. Bone and carcass samples 
were ashed in a muffle furnace at 500° C. 

Counting.—The counting was performed with an end-window G. M. 
counter. Initially several shipments of Y® were assayed, and it was 
found that 1 we. Y® (declared activity) corresponded to approximately 
160,000 counts per minute on the equipment in this laboratory. In 
subsequent experiments, dosage calculations were based on this relation- 
ship, since periodic testing of the counting equipment against uranium 
standards indicated that the sensitivity did not vary significantly with 
time. 

The experimental standards were counted along with the samples, and 
the results were expressed in percent of dose. The statistical error of 
counting was less than 2 percent. When liquid samples, processed as 
described above, were counted, no significant error due to self-absorption 
was noted. The counting losses due to self-absorption in dried tissue 
samples distributed uniformly on the planchets were less than 8 percent. 

Radioautograms.—Unstained paraffin sections of the tissues were placed 
in contact with no-screen X-ray film. The exposure time was one week; 
Kodak-Dektol developer and acid fixer were used for processing. To 
insure comparable results, all time relationships (viz., the intervals be- 
tween injection of the isotope, sacrifice of the animals, and the start of 
the radioautograms) were kept constant. 


Results 


Data on the distribution of Y® following intraperitoneal injection of 
YCI; into mice bearing ascites tumors are shown in table 1. All animals 
received a dose of 50 uc. Y®; the carrier content, however, varied from 
0.08 to 4.0 mg. Y*** per dose. The total recovery ranged from 86 to 94 
percent of the administered dose. 

The injected yttrium could be recovered to a large extent from the 
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intraperitoneal tissues (table 1). The high activity of the “‘carcass” is 
attributed to the deposition of Y® on the parietal peritoneum. In groups 
A and £ all intra-abdominal organs were included in the “carcass.” Since 
small samples were removed from the liver of each mouse for the prep- 
aration of paraffin sections for radioautograms, the actual activity of 
all liver samples was somewhat higher than indicated in table 1. 

Figure 1 gives further information on the distribution of Y® in intra- 
peritoneal organs of tumor-bearing mice. Radioautograms and the cor- 
responding histologic sections of livers of individual, representative 
animals in each group are shown. Diffuse uptake of Y® by liver 
parenchyma was noted in group A. In group B diffuse uptake occurred 
but, in addition, small deposits of radio-yttrium can be detected on the 
capsular surface. More marked surface deposition of Y® may be seen 
in group C, but some of the radioisotope was still taken up by the liver 
tissue. In group D the radio-yttrium was deposited mainly on the capsu- 
lar surface of the liver, suggesting that this dose (1.5 mg.) represents the 
minimum amount of stable yttrium necessary to decrease markedly the 
Y® uptake by the liver parenchyma. As expected, similar results were 
noted for group E, which received 4.0 mg. of carrier. 

Considerable variation in the volume of ascitic fluid was observed in 
the tumor-bearing mice at the time of autopsy (average ascites volume: 
4 ml.). A correlation of the volume of ascites with the corresponding 
Y® content of liver parenchyma, as seen in the radioautograms, suggests 
that the degree of intracavitary localization of Y® depends to some 
extent upon the concentration of stable yttrium in the ascitic fluid 
(see Discussion). 

The radioautograms of liver sections of normal mice that were injected 
with graded doses of carrier (fig. 2) show that as little as 0.5 mg. of stable 
yttrium was sufficient to prevent the uptake of Y®, while 1.5 mg. Y*+** 
were needed to achieve the same result in ascites-tumor-bearing mice. 

Minimal amounts of Y® were found in tissues distant from the injected 
site. Furthermore, with progressive increase in the amount of carrier, 
a decreased uptake of Y® was observed in the distant tissues (3.4% 
in group A and 0.2% in group Z). The absolute uptake of stable yttrium, 
however, increased with increase in carrier, with the exception of bone 
tissue (see table 1). 

The distribution studies on normal mice showed results similar to those 
obtained with ascites-tumor-bearing mice. The extraperitoneal tissues 
contained only minimal amounts of Y” and most of the radioactivity was 
recovered from the intraperitoneal tissues. 


Il. Human Distribution Studies 


Recovery of radio-yttrium by aspiration and lavages from the cavity 
into which it had been injected was attempted in five cancer patients. 
The distribution of radio-yttrium in various tissues, obtained at autopsy, 
was studied in six terminal cancer patients. 

From 80 to 1,200 ue. Y°—with or without added carrier yttrium (see 


Journal of the Nati I Cancer I 








RADIO-YTTRIUM: INTRACAVITARY APPLICATION 135 


tables 2 to 5)—were injected into the pleural or the peritoneal cavity 
as follows: Thoracentesis or paiacentesis was performed; after the with- 
drawal of small amounts of fluid for chemical analysis, the needle was 
connected to an infusion set and approximately 10 ml. of normal saline 
were allowed to run into the cavity to be injected, to insure patency. 
The rubber tubing of the infusion set was then clamped off close to the 
needle and the radioactive material, contained in a lucite-shielded syringe, 
was injected directly into the rubber tubing distal to the clamp. The 
clamp was removed and 100 ml. of saline were permitted to flush through 
the tubing into the cavity. The needle was then withdrawn from the 
cavity and the puncture site sealed with collodion. The patient was 
asked to change his position frequently to facilitate mixing of the injected 
material with the contents of the cavity. Urine collections were started 
at the time of the instillation of Y® and were continued until the end of 
the study. 
Recovery of Y® from the Injected Cavity 


In 5 patients an attempt was made to recover the injected material 
from the pleural cavity after varying time intervals. A thoracentesis 
was performed and all removable fluid was aspirated. Thereafter, the 
cavity was irrigated with a 0.8-percent solution of calcium ethylenedi- 
aminetetraacetic acid (Ca-EDTA)® and with isotonic saline solutions as 
described in table 2. The preparation and counting of samples was the 
same as described in the previous section. 

The results of the experiments are shown in table 2. Whereas in 
case 1 the aspirated fluid contained 81 percent of the dose 19 hours after 
the injection of yttrium and an additional 7 percent of the dose could 
be removed by 2 lavages with Ca-EDTA, the recovery by aspiration 
and lavages in the other four patients was far less complete, ranging 
only from 14 to 56 percent of the administered dose. In all cases the 
urinary excretion prior to the Ca-EDTA lavages was negligible (see 
table 2). Following the intrapleural instillation of Ca-EDTA, the urinary 
excretion of Y® increased in all five patients, reaching a value of 7.8 
percent of the dose incase 1. Thus, in case 1, approximately 96 percent 
of the dose was accounted for. 

The possible reasons for the incomplete recovery of yttrium by aspira- 
tion and lavages in 4 of the 5 patients will be discussed later. 

Tissue Distribution Studies 

Fifteen terminal cancer patients with pleural or peritoneal effusions 
were injected intracavitarily with yttrium as the chloride or the nitrate. 
Permission for autopsy was obtained in 6 cases. At autopsy samples of 
skin, muscle, and long bone were taken from the extremities. Then, in 
cases where the injection had been intrapleural, samples of the various 
abdominal viscera were obtained. Next, rib samples were removed from 
the uninjected side. Thereafter this pleural cavity was opened and 

§ Ca-EDTA was employed because it forms a strong yttrium chelate. Ampules of Ca-EDTA solutions were 
obtained through the courtesy of Riker’s Laboratories, Los Angeles, Calif. 
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samples of its contents were obtained, after which a needle was inserted 
into the yttrium-injected pleural cavity and as much fluid as possible 
was aspirated. This cavity was then opened and the remaining fluid was 
removed; representative samples of all organs contained in the cavity 
were taken. Finally, the organs contained in this hemithorax were 
removed in toto. In some instances the cavity was irrigated, after the 
removal of the organs, with a solution of Na-EDTA in order to attempt 
more complete removal of yttrium from the parietal pleura. In the 
cases of intraperitoneal injection of radio-yttrium, a similar procedure 
was followed except that the peritoneal cavity was entered last. Fluid 
samples were processed as previously described. Several aliquots of each 
organ were taken, dried and counted, and from these data the average 
values were obtained. In some instances the entire organ was homo- 
genized and aliquots of the homogenate were counted (see table 3). 
No attempt was made to count samples of low radioactivity with the 
same accuracy as those with higher activity. 

In four of these cases (A—D), stable yttrium salt was added to the radio- 
yttrium solution so that the carrier content was 100 mg. Y*** per dose. 
Representative data are shown in table 3 (case D). It can be seen that 


TABLE 3.—Recovery of yttrium from injected site in percent of administered dose 





Case D: M.G. (M.H. #62489), age 56, female. 
Diagnosis: Carcinoma of colon, status post-right colectomy with a) ascites, and 
b) pulmonary metastases. 
Dose: 100 mg. Y+++ as Y (NQs3)3. 
Activity: 300 uc. Y*. 
Route of administration: Injection into peritoneal cavity. 
Time between injection and death: 6.5 days. 
Date of death: November 19, 1953. 














. Percent per | Percent per 
Tissues gm. or ml. | total organ 
Peritoneal fluid (1,800 ml., cloudy, straw-colored)....... 0. 044 79 
PS SEER eae eeaiey Sol RE ee et eR TA Ae 42 
Spleen: 
a) entire organ, homogenized...................... . 0072 0.9 
cca canta ch vate alee: gtarcncla pvald Kin afee JE Ee owtevowee ss 
Liver (entire organ homogenized)..................... . 0005 0. 4 
soca a arr ty al eying erarv bw oe ew RR aCa bee . 0002* 
ce i lg kU aati ee . 0003* 
py IN 5 5c cy aw ciate axa 0 an alunb pentoroesde Remo meee . 0007* 
SA GIN vinsiss.oesicccecicccse a eieaee mimes SS . 0001* 
I oo oo ys dota emi bi wa acia Saal bie dana loa . 0022* 
IN 5. 65 oo o's's ae cmalad nm eneein andere See . 0012* 
aC We sa i canna uienuns ea aade ha keel | . 0013 
I no oes weave Wiscy eb oa ao ead ane PES | . 012 
FG oa cs ae ca Sako car eee ak os oes was nae ae >84 








*Per cm.? of surface. 


tAfter removal of peritoneal fluid and viscera the abdominal cavity was lavaged with 1,000 ml. water containing 
7gm. Na-EDTA. 
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even 6.5 days after injection of the yttrium, 79 percent of the dose could 
still be recovered from the peritoneal fluid. Additional amounts of 
yttrium were recovered from the tissues inside the injected cavity. The 
inability to account for a complete balance is probably due to deposition 
of yttrium on the parietal surface of the injected cavity, total samples 
of which could not be obtained at autopsy. Similar results were obtained 
in two other patients (cases A, B) to whom the yttrium was administered 
intrapleurally (table 4). In case C the total amount recovered from the 
injected site (pleural cavity) was 70 percent of which 47 percent was 
found in the pleural fluid. In all four cases the various tissues outside 
the injected cavity contained less than 1.5 percent of the total dose. 
Figure 3 shows a tissue section of the lung (injected side) of case B and 
the corresponding radioautogram. On radioassay this lung was found 
to contain 3 percent of the administered dose, and as can be seen from 
the radioautogram most of this activity was present on the visceral pleura. 

When the carrier content of the administered dose was considerably 
lower, namely 3 mg. Y*** (table 4, cases E, F), an entirely different distri- 
bution of Y® was obtained. Thus, as can be seen from this table, not more 
than 16 percent of the administered dose could be recovered from the 
effusions, whereas as much as 36 percent could be recovered from distant 
tissues. Table 5 gives representative data on the recovery of yttrium 
from tissues outside the site of injection in such a case (case £). 


TABLE 4.—Percent distribution of yttrium following intracavitary injection into patients 
with effusions 





: : at High specific 
Low specific activity activity 





Case: A B Cc D E F 





Dose (ue./mg. Y): | 300/100 | 500/100 | 500/100 | 300/100 | 1200/3 1200/3 





Time between injec- 
tion and death: 21 hrs. 33 hrs. 5 days | 6.5 days | 6 days | 12 days 








Tissues outside the in- 





jected cavity....... <1.5 <i <..& <1.5 ~17 ~36 
Fluid from injected 
DE so ekocoes vues 70 73 47 79 16 8 
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TaBLE 5.—Recovery of yttrium from tissues outside the injected 
site, in percent of administered dose 





Case E: C.W. (M.H. #59569), age 51, male. 

Diagnosis: Malignant lymphoma of left lung (reticulum-cell 
type) with a) bilateral pleural effusions, b) involvement 
of right lung and hilar nodes, and c) involvement of 
cranium, lumbar spine and left humerus. 

Dose: 3 mg. Y+++ as YC]. 

Activity: 1,200 ue. Y”. 

Route of administration: Injection into right pleural cavity. 

Time between injection and death: 6 days. 

Date of death: May 27, 1953. 














7 Percent per | Percent per 
Tissues gm. or ml. | total organ 
NSS sai" a locaterpca akon ie eee a 0. 0013 11. 5* 
Ee ar pn iete . 0018 3.1 
SE i: ccginc gi atovarp mca onan ee . 00005 1. 3* 
OT Cr ee re . 0013 0. 46 
NS SS cy oy, a's Sie ated ates . 00041 .14 
aren ene ae . 00017 
Abadourinal Buid ........00.0000000. . OF 
Fluid, left pleural cavity......... . OT 
Left lung with tumor............ . 0010 
Left lung without tumor......... . 00012 
Left diaphiragm...........2.++:. . 00004 
Parietal peritoneum............. . 00004 
eee ewes oe ae ee ote ae ~17% 








*Calculated on the basis of estimated total skeletal and muscle mass, respectively. 
tLess than 0.00002 %. 


Discussion 
Radio-yttrium, Y®, has certain properties which may make this isotope 
suitable for the palliative treatment of pleural or peritoneal carcinomatous 
effusions in man. It has a half-life of 60 hours and emits only f-rays, 
which will penetrate tissues to about 10 mm. in depth, and therefore 
it will cause no damage to distant tissues and present less safety hazards 
to the personnel handling it. Tissue distribution studies following the 
intraperitoneal injection of carrier-free yttrium in rats indicated its 
localization, in contrast to the transport of carrier-free lanthanum into 
the general circulation (5). In experiments performed in this laboratory 
it was found that the addition of carrier enhances the localization of intra- 

peritoneally injected lanthanum chloride. 
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The present studies show a similar effect of carrier yttrium upon the 
localization of intraperitoneally injected Y® (table 1). However, the 
low recovery of Y® from extraperitoneal tissues and its minimal excretion 
are not sufficient evidence to rule out the transport of sizable quantities 
of this isotope from the injection site in the peritoneal cavity into the 
general circulation, with subsequent deposition within the intraperitoneal 
organs, such as liver. Thus, the radioautogram shown in figure 1a illus- 
trates the diffuse uptake of Y® in the liver of an animal that had received 
intraperitoneally Y*Cl,; containing only 0.08 mg. of carrier yttrium. 
This diffuse uptake indicates the entry of Y® into the circulation, with 
subsequent deposition in the liver, similar to the preferential uptake of 
the isotope by the liver when YC}, is administered intravenously. Higher 
amounts of stable yttrium seem to prevent such leakage from the peri- 
toneal cavity; the isotope is retained in the effusions and forms a film 
covering the surfaces of the injected cavities (figs. 1d and 3a). 

The incomplete recovery of the intrapleurally injected yttrium by 
aspiration and lavage in four of the five patients (table 2) suggests that 
a fraction of the injected isotope has left the cavity and has been deposited 
in tissues distant from the injected site, such as the liver and skeleton. 
Precipitation of Y® on the pleural surfaces and loculation due to adhesions 
may be additional factors contributing to the incomplete recovery. 
However, at least a partial transport of yttrium into the general circula- 
tion is likely, since the carrier content of the solutions administered was 
low and tissue distribution studies following the administration of such 
low amounts of carrier have shown that as much as 36 percent of the 
injected Y® was recovered from tissues distant from the injected site 
(tables 4 and 5). 

The concentration of yttrium in the ascitic fluid of the animals listed 
in table 1 rises from 0.4 mg. percent (group A) to 11 mg. percent (group 
C) and remains at this level in spite of a further increase in the amount 
of injected carrier (groups D and E). When yttrium is injected in ionic 
form into the blood stream or into effusions having a high protein con- 
centration it will form soluble and insoluble complexes with the various 
constituents of these body fluids. Larger aggregates of these complexes 
may be formed upon increasing the amount of yttrium carrier; these 
aggregates may precipitate on the surface or, if their size permits, they 
may be transported through the lymph and blood stream and subse- 
quently be deposited in tissues such as the reticuloendothial system. 

The distribution studies showed that when an amount of carrier 
yttrium (100 mg.) which would be contained in a therapeutic dose was 
injected into the pleural or peritoneal effusions of four terminal cancer 
patients, good localization of the isotope resulted, with only minimal 
amounts of Y® being found in tissues distant from the injected cavity. 
Furthermore, no significant amounts were found in the liver or skeleton, 
and radioautograms showed only surface deposition. These distribution 
studies therefore indicate that the intracavitary administration of Y® in 
ionic form to advanced cancer patients for therapeutic purposes may be 
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feasible. Moreover, the affinity of yttrium for chelating agents, such as 
EDTA, would offer an advantage over isotopes currently used in the 
palliative treatment of carcinomatous effusions. Thus, by analyzing 
blood levels for Y® activity following its intracavitary administration, one 
could detect the accidental entry of the radioisotope into the blood stream 
at an early stage, and its removal could then be effected by the prompt 
administration of such chelating agents (6). 

Although experiments in normal and ascites-tumor-bearing mice, and 
tissue distribution studies in cancer patients, indicate that ionic radio- 
yttrium of low specific activity may be suitable for the palliative treat- 
ment of cancer patients, experiments to study the properties of pre- 
formed radio-yttrium colloids or chemically inert radio-yttrium sus- 
pensions of suitable particle size are now in progress. Such preparations 
may possess certain advantages over ionic radio-yttrium because they 
afford a closer control of particle size. 


Summary 


The distribution of radio-yttrium, Y®, following intracavitary adminis- 
tration in ionized form, has been studied in normal and Ehrlich ascites- 
tumor-bearing mice, and in terminal cancer patients. 

The retention of the radioisotope in the injected cavity was markedly 
enhanced by the addition of stable yttrium: at low carrier levels significant 
amounts of Y® were found in tissues distant from the injected cavity, 
whereas relatively high carrier levels greatly reduced the “‘leakage’’ from 
the cavity. 

In view of these observations and of the favorable radiation charac- 
teristics of Y*® which reduce safety hazards to patient and personnel, the 
potential usefulness of this isotope in the palliative therapy of carcinom- 
atous effusions was discussed. 
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PLATE 15 


FicurEe 1.—Radioautograms (a, b, c,d) of liver sections from mice bearing Ehrlich 
ascites tumors illustrate the effect of increasing amounts of carrier yttrium. Stable 
yttrium content—a: 0.08 mg.; b: 0.5 mg.;c: 1.0 mg.; d: 1.5 mg. Y*+**+. Figures A, 
B, C, D are the corresponding photomicrographs. 


Figure 2.—Radioautograms of liver sections from normal mice with carrier content 
corresponding to that in groups a through d, figure 1. 


Figure 3.—Radioautogram 3a, and photomicrograph 3A, of lung from case B (see 
table 4). In this instance the whole paraffin block was placed against no-screen X-ray 
film. After 5 days’ exposure the paraffin block was removed and a microtome section 
prepared. 
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Investigations of Substances in Mouse 
Tissues Inducing Alteration of Normal 
Host-Homograft Relationships »* * 


Evcene D. Day, Natuan Kauiss, Artuur I. 
Aronson, Brapn.ey F. Bryant, Davin FRIENDLY, 
FrepericK C. GABRIELSON, and Priscitta M. 
SmrrH, Roscoe B. Jackson Memorial Laboratory, 
Bar Harbor, Maine 


Transplantable tumors indigenous to mice of one inbred strain usually 
fail to survive in mice of a genetically unrelated inbred strain. It is 
generally held that this is due to the innate resistance of the host to the 
“foreign” tissue. The resistant state, however, can be experimentally 
abrogated so that tumor homografts will grow progressively, leading to 
death of the host (1-3). We have termed the experimental procedure by 
which this is achieved “conditioning of the host’’ (1). Conditioning is 
accomplished by injecting various tissue preparations into the host prior 
to grafting of live tumor. The material injected may be a homogenate of 
either killed tumor tissue (identical to that of the live graft) or of normal 
tissue, or normal serum, from the strain of mice to which the test homo- 
graft is indigenous. ‘Tissue eztracts obtained by centrifugation (/, 4) are 
likewise effective, as are also antiserums to the tissues produced in rabbits 
or mice (8, 6). 

The relationship between the tissue injected and the tumor homograft 
exhibits a specificity which parallels that of antigen-antibody reactions (1). 
It is species specific and, to a certain extent, inbred-strain specific. Tissues 
from species other than the mouse will not alter the normal resistance of 
mice to tumor homografts (4, 7, 8), and, in general, the best results are 
obtained when both the tissues used to pretreat the host and the tumor 
homograft come from mice of the same inbred strain (2,9). Trypan blue 
(10) and cortisone (4) do not abet this effect. 

The present report deals with initial studies attempting to characterize | 
the materials in the tissue preparations responsible for conditioning. | 
These materials shall hereafter be referred to as active test substances. 

The only method known to us at present for assaying the efficiency of 
the conditioning procedure is the time-consuming one of following the 
fate of the homograft. In a search for a more rapid method, a study was 
undertaken of the possibility of utilizing the demonstrated depression of 


1 Received for publication April 12, 1954. 

? A summary ofsome of the data herein reported has appeared elsewhere (1). 

* This investigation has been assisted by grants from the National Cancer Institute, National Institutes of 
Health, U. 8. Public Health Service, and from the American Cancer Society upon recommendation of the Com- 
mittee on Growth of the National Research Council. 
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liver catalase activity in the host, following injections of tissues from mice 
of an unrelated donor strain (11). However, it was found that the host- 
donor strain relationships leading to this depression did not at all parallel 
those holding for host-homograft conditioning. 

The need for recognizing the optimal biological, physical, and chemical 
conditions for the retention of activity is demonstrated not only in the 
difficult task of selecting an adequate procedure for isolating the condi- 
tioning substance, but also in ascribing loss of activity, when it occurs, 
to the proper biological, physical, or chemical factors. Hence, for use in 
biological studies relating to the conditioning process the test substances 
at the time of injection should be fully active, and the physical and chem- 
ical conditions necessary for retention of activity must be clearly formu- 
lated and met in the preparation of these substances. It follows that any 
method of processing tissues for the isolation of the conditioning substance 
must also depend upon a prior study of the limiting physical and chemical 
factors involved. 

Methods commonly employed in the processing of tissues were there- 
fore studied in order to ascertain which of them could be integrated into 
a technique for the preparation of active test substances. These methods 
were as follows: a) freezing, lyophilization, and homogenization in water 
and saline; 6) centrifugation of homogenates to obtain water and saline 
extracts; c) treatment with adsorbents; d) heat denaturation; e) filtration 
through filters of graded porosity; f) prolonged dialysis in vitro and in vivo; 
g) autolysis, hydrolysis at various pH’s, and enzymolysis with proteolytic, 
amylytic, and nucleolytic enzymes under conditions commonly prescribed 
by general processing methods; and A) fractionation with ammonium 
sulfate, butanol, and acetone. 

A technique for preparing donor tissues, whether for injection into 
host mice for biological testing, or for possible isolation of the conditioning 
substance, was eventually devised which met the following requirements: 
a) retention of high activity; 5) extractible by centrifugation in saline 
or water; and c) preservable over long periods of time and after repeated 
freezing and thawing. 


Experimental Procedure and Results 


Materials and general methods.—The tissues used for conditioning were 
tumor (Sarcoma I) grown in strain A mice, or normal liver, kidney, 
spleen or serum from strain A mice. All tissues were taken under aseptic 
conditions. Serum was collected in a manner previously described (6) 
and kept at —23° C. until used. The tissues were either homogenized 
with sterile 0.85-percent NaCl or distilled water immediately after they 
were secured, or they were stored at —23° C. and then thawed and 
homogenized when needed. In some instances they were lyophilized by 
a procedure previously described (4), powdered, and stored dry in vacuo. 
For injection, the powders were homogenized with sterile 0.85-percent 
NaCl or distilled water. All conditioning injections were given intra- 
peritoneally prior to grafting of live tumor. 
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The subsequent survival and progressive growth of a tumor homograft 


was the test of the activity of the test substances. 


The technique of 


grafting consisted of the subcutaneous implantation of a bit of live tumor— 
by trocar, under aseptic conditions, in the interscapular region. 
of the graft was followed by periodic palpation until the animals either 
died with a progressively growing tumor, or there was no sign of growth 
for a consecutive period of 2 months, at which time the mice were classified 


as ‘‘negative.”’ 


Growth 


The test tumor used throughout this report was Sarcoma I, which is 


indigenous to the A strain of mice. 
of strain A mice, killing the hosts within 3 to 5 weeks after implantation. 
Hosts for the tumor homografts were from the C57BL/6Ks and the 
C57BR/aSn strains [for the standard designation of strains, see (12)]. 
Both strains are genetically unrelated to the A strain, and also differ 
from each other to the extent that transplantable tumors indigenous to 


one strain will not survive in the other. 
untreated C57BL/6Ks or C57BR/aSn animals. 


This tumor grows in 100 percent 


Sarcoma I rarely survives in 


Of 154 C57BL/6Ks con- 


trol mice inoculated in the experiments reported in this paper, 1 animal 
died with a progressively growing tumor; all of the C57BR/aSn hosts 
(57 mice) were negative. 

The reagents used in all preparations were Mallinckrodt, analytical 
grade, unless otherwise specified. 

Activity of whole tissues (table 1)—Tissues were administered intra- 
peritoneally to the prospective hosts either as homogenates, or as intact, 


freshly secured live organs (spleen or kidney). 


The homogenates were 


TABLE 1.—The growth of homografts of the strain A tumor, Sarcoma I, in C57BL/6Ks 
mice receiving prior injections of tissue homogenates or implants of intact 
live organs from strain A mice 














Hosts dying 

Ti State of tissue prior to | Total administered per with tumorst 
issue hemenenieinn® 

genizing mouse 
Male | Female 

ae Lyophilized{.......... 45 mg. dry weight... .. 5/5 4/5 

aS aa, Se — = Fs eta aiyg 5/5 5/5 

| a re 175 mg. wet weight....| 5/5 5/5 

Spleen.......... Freshly secured§...... —- = i 5/5 

Liver ” Po — - * “ 3/5 4/5 
Not homogenized 

Normal serum...| Frozent.............. I oc ccrcipiaciaie Gh miorior’ 3/5 1/5 

Ecc crncees Freshly secured....... 2 intact spleens||...... 5/5 4/4 

ee - Oe Beater 1 intact kidney]].......| 5/5 5/5 

















*For injection, the tissues were homogenized with sterile 0.85% NaCl, and administered intraperitoneally in a 
volume of 0.5 ml. per injection. The live tumor graft was inoculated subcutaneously by trocar. 
tNumerators are the numbers of mice dying with progressively growing tumors; denominators the total number 


oi mice in each group. 


tAdministered in 3 injections, over an 8-day period; tumor grafted 1 day after the last injection. 
§Administered in 7 injections, given 3 times weekly; tumor grafted 1 day after the last injection. 
Fresh, intact organs, implanted in the abdominal cavity immediately after they were secured; tumor grafted 


2 weeks later. 
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prepared from freshly secured, frozen, or lyophilized tissues. The fresh 
and frozen tissues were combined with an approximately equal weight 
of sterile 0.85-percent NaCl or distilled water, disintegrated in a blendor 
at high speed until smooth, and diluted to the desired concentration. 
The lyophilized tissues were reconstituted with sterile 0.85-percent NaCl 
in Potter-Elvehjem glass homogenizers. 

The most active test substances were prepared from Sarcoma I, and 
from normal spleen or kidney of strain A mice. These tissues were more 
effective than serum or liver from strain Amice. The state of the tissue 
immediately prior to injection—whether whole (and alive) or a ho- 
mogenate of freshly secured, frozen, or lyophilized material—did not 
appear to affect the degree of its activity. 

Activity of centrifuged homogenates (tables 2 and 3).—The distilled-water 
homogenates prepared from lyophilized Sarcoma I contained 30 mg. of 
dry weight per ml. Part of the homogenate was used for injection 
(table 1); the remainder was centrifuged at 4° C. for 30 minutes in a 
Model PR-1 International centrifuge at an average RCF of 800 X g to 
yield a low-speed residue. The supernatant was recentrifuged at 4,000 
X g to yield a second residue and supernatant. The two residues and the 
second supernatant were lyophilized, weighed, and homogenized. Each 
of these fractions was found to be as active (table 2) as the uncentrifuged 
homogenate. 


TABLE 2.—The growth of homografts of the strain A tumor, Sarcoma I, in C57 BL/6Ks 
and C57 BR/aSn mice receiving prior injections of centrifuged fractions of Sarcoma I 














F Hosts dying with tumors 
Centri- aa 
: Total injected 
Fraction = . per mouse 
g Strain Male | Female 
First residue*...... 800 40 mg. dry wet....| C57BR/aSn . | eee 
Second residuet....| 4,000 | 36 mg. dry wegt.... “ 4 eee 
Supernatantt...... 4, 000 66 mg. dry wegt.... ? ee 
Supernatant{...... iB Fe?) eee C57BL/6Ks 6/6 6/6 
Pe eae I ie eae - 5/6 6/6 
) Ao EN her hes ary S ad 4/6 4/6 
— Oiieuioue 104, 000 Paces arore aoa a 2/6 2/5 




















*Prepared from a homogenate of lyophilized Sarcoma I, in an original concentration of 80 mg. dry wt. per ml. 
o0f0.85% NaCl. Administered as in ft. 


tPrepared from supernatant of first centrifugation (see *). Administered in 2 injections, 1 week apart; live 
tumor grafted 1 day after second injection. 


tPrepared from a homogenate of fresh Sarcoma I, consisting of approximately equal weights of tumor and 0.85% 
NaCl. Administered in 3 injections, over 1 week; tumor grafted 1 day after the third injection. 


From a practical point of view the supernatant is considered far superior 
to the residues and uncentrifuged homogenate for the following reasons: 
1) it is easier to inject because of the absence of particulate materials; 
2) the dosage given the animal is more constant; 3) it can be repeatedly 
frozen and thawed without the accumulation of coagulable materials; 
4) where freshly secured or frozen tumor tissue is the source of the super- 
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natant, live cells are removed in our final standard preparations made at 
an average RCF of 8,500 X g, or greater (see below). 

In another experiment, a saline homogenate was prepared from 
approximately equal weights of Sarcoma I and 0.85-percent NaCl. This 
homogenate was centrifuged at 4° C. at 4,000 < g to remove the bulk of 
insoluble material, and then at room temperature at an average RCF of 
8,500 X gin a Type SS-1 Servall angle centrifuge. The supernatant was 
then filtered through sterile #41-H Whatman filter paper to remove the 
floating, congealed fat layer. The filtrate was divided into four equal lots 
and stored in sterile bottles in dry ice. Through the courtesy and with 
the aid of Dr. Peter Bernfeld,* three of the four lots were centrifuged in his 
laboratory in a Spinco preparatory ultracentrifuge at 4° C. for one hour 
each at the average forces indicated in table 2. The fourth lot was 
treated similarly except for ultracentrifugation. The four lots were re- 
frozen in dry ice for shipping and stored in the deep-freeze (—23° C.) at 
the Jackson Laboratory during their use for injection. The findings show 
that centrifugation up to an average RCF of 104,000 X g (144,000 X g at 
the outer tip of the centrifuge tube) results in only a partial loss of activity 
due to sedimentation of cell particles, denatured proteins, and dense 
colloidal materials. 


TABLE 3.—The growth of homografts of the strain A tumor, Sarcoma I, in C57BL/6Ks 
mice receiving prior injections of supernatants of Sarcoma I in various dosages 





: Hosts dying 
Total in- .: 
Concentration of tumor jection with tumors 
supernatant* per mouse 
(ml.) 





Male | Female 











ee 1.0 5/5 4/5 
rare 0.5 5/5 4/5 
re 0.15 3/5 5/5 
GG Sas ea awe dle pate a 1.0 4/5 4/5 
EE ica Ranier ebacieaiea ands 1.0 1/5 1/5 
| | NR PR raieen tenants eee 2.0 5/5 4/5 








*“Full-strength” supernatant prepared at an RCF of 8,500 X g, from a homogenate of fresh tissue and 0.85% 
NaC] in approximately equal weights; 1:10 dilution of supernatant made from the “full-strength” material, 1 
volume supernatant plus 9 volumes 0.85% NaCl, and recentrifuged at 11,000 X g; further dilutions made with 
0.85% NaCl from the 1:10 supernatant. 


tAdministered in 3 injections, at 4-day intervals; tumor grafted 1 day after the last injection. 
t Administered in 4 injections, twice weekly; tumor grafted 1 week after the last injection. 


The supernatants prepared at 8,500 X g (as described above) will 
hereafter be designated as “full-strength” (F.S.) supernatants. A study 
was made of the most efficient use of the F.S. supernatant, in terms of the 
minimum amount needed to obtain maximum results. The amount of 
material injected per animal was varied either by using different amounts 
of the F.S. supernatant, or by diluting it further with 0.85-percent NaCl. 
The supernatants prepared by diluting the F.S. material 1:10 with 0.85- 


percent NaCl, and recentrifuging at an average of 11,000 X g to remove 


4 New England Medical Center, Boston, Mass. 
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additional insoluble material, will hereafter be designated as “dilute 
supernatant” (D.S.). This material was found to be highly active 
(tables 3, 4, and 5) and is considered to be most suitable for biological 
work and as a starting material for physical and chemical studies. A 
1:100 dilution of F.S. supernatant was found to be only slightly active. 

Activity of adsorbed and heated dilute supernatants (table 4).—Decolor- 
izing charcoal * and Lloyd’s reagent * (a good protein adsorbent) were each 
mixed with dilute supernatants, 1 gm. per 100 ml., and the mixtures were 
centrifuged at an average RCF of 11,000 X g. The charcoal residue was 
reconstituted with 0.85-percent NaCl to the original volume of super- 
natant and homogenized. This reconstituted residue and the super- 
natant from the centrifuged charcoal mixture were each found to be 
active. A mixture of charcoal and saline, when injected into control 
mice, was completely inactive. The supernatant of the Lloyd’s reagent 
mixture, after centrifugation, was found to have lost its activity com- 
pletely (the residue was not tested). 


TaBLe 4.—The growth of homografts of the strain A tumor, Sarcoma I, in C57 BL/6Ks 
mice receiving prior injections of adsorbed and heated supernatants of Sarcoma I 























? | Hosts dying 
Treatment of supernatant* Total} with tumors 
Material dose | 
. | injected see 
| Centri- | Filtered y mouse - bs 
fuged at (ml.) | Male | Female 
(Xg) | through | | 
Adsorbed with | | | 
1% charcoal..... co {ae reer. Supernate..| 2 5/5 5/5 
1% charcoal..... | SSE aay Residue....| 2 5/5 4/5 
i ee eS kD ere Supernate. . 2 0/5 0/5 
gent. 
Heated at (°C.)t 
ASSES RSS SIs ae! SE eee ae Whole..... §1 5/5 5/5 
SSS eA BRR ot Sh oe ok ES: Whole..... 3/5 5/5 
a aca ae cna 0 Ee ean De ee Whole..... 1 1/5 3/5 
eee rates Sm ieeam pyc hats ResMed pean eer eee... ... 2 5/5 4/5 
ne Pieeeittie tn Sheng Ane ee 2 5/5 5/5 
SERS ape ee 8,500 | Ultrafine fritted | Filtrate.... 2 5/5 5/5 
disc. 
ESTING 5 Maan cea 8,500 | Ultrafine fritted | Filtrate.... 2 0/5 0/5 
disc. 























*Preparation of supernatant: 1) fresh tumor homogenized with approximately equal weight of 0.85% NaCl; 
2) homogenate centrifuged at 8,500 X g; 3) 1 volume supernatant diluted with 9 volumes of 0.85% NaCl, and 
recentrifuged at 11,000 x g. 

tAdministered twice weekly in 4 injections; tumor grafted 1 week after the last injection. 

tHeated for 1 hour at +0.5° C. of the indicated temperature. 

§Administered in 3 injections over 8 days; tumor grafted 1 day after the last injection. 


Aliquot portions of 50 ml. of dilute supernatant were heated in covered 
100-ml. Griffin beakers at the specified temperatures (table 4). They 
were stirred slowly during heating with sterile Pyrex-covered magnetic 
bars. The temperatures were recorded at 1-minute intervals with sterile 

§ Mallinckrodt reagent. 
* Hartman, Leddon Co., Philadelphia, Pa. 
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thermometers. When the desired temperatures were reached, heating 
was continued for 1 hour and the temperature was maintained within 
0.5° C. of the stated value. [The necessity for describing details of em- 
pirically conducted denaturation processes has been pointed out by 
Taylor (13).] The initially clear supernatants were observed to become 
cloudy as the temperature approached 48° C. (from an initial 24° C. in 
14 minutes), but the denatured material began to coagulate readily only 
as the temperature approached 58°C. At the completion of heating, the 
supernatants were rapidly cooled to 20° C. and then either homogenized, 
or centrifuged and filtered through ultrafine fritted glass discs (described 
below), before injection. Heating above 60° C. was found to reduce 
activity markedly, and to destroy activity completely above 80° C. (data 
not presented in table). On the other hand, the activity was fully re- 
tained when supernatant was heated at 50° C. for 1 hour. In this case 
the active substance was either adsorbed to, or combined in some other 
way, with the insoluble, denatured material which was thrown down by 
centrifugation and held back by a microporous filter. 

Activity of filtered tissue supernatants and normal serum (table 5).—F:S. 
supernatant was filtered through a Pyrex ultrafine fritted disc. Filtra- 
tion was rapidly impeded indicating that the filter had become partially 
clogged. Dilute supernatant (D.S.) was filtered more rapidly, though 
still at a retarded rate. (D.S. material which was treated with hya- 
luronidase, 0.1 mg. per ml., for 4 hours was filtered at a rate approaching 
that for water.) Untreated dilute supernatant also passed slowly through 
#02 Selas (porcelain) tubes and Berkefeld N candles, and at a rapid rate 
through a charcoal bed 0.5 cm. thick. Serum was filtered through ultra- 
fine fritted discs and Selas and Berkefeld filters at rates nearly equal to 
those for water. 

Although the ultrafine discs and the #02 Selas filters have approxi- 
mately equal maximum pore diameters (1.2 u and 1.7 y), activity was re- 
tained in filtrates of dilute supernatant from the former and completely 
lost in the Selas and Berkefeld N candle filtrates. Activity was partially 
lost when full-strength supernatant was passed through the ultrafine discs 
(table 5) or when heat-denatured dilute supernatant was similarly filtered 
(table 4). The activity of serum was not perceptibly changed in the 
filtered material, although it was low even in unfiltered serum. 

Full-strength supernatant in a volume of 200 ml. was dialyzed at 4° C. 
for 48 hours in Visking cellulose tubing against 4 changes of 4-liter volumes 
of distilled water. The supernatant within the dialysis bags, referred to 
as the dialysis residue, was then shell-frozen and lyophilized. The dry 
material was weighed and reconstituted with 0.85-percent NaCl to the 
original volume of 200 ml. A partial loss of activity occurred during the 
dialysis procedure. This loss in activity, however, was not due to a loss 
of active material through the dialysis bag. This conclusion is supported 
by the results of the in vivo dialysis experiments to be described below. 

Since it was an impractical task to concentrate the 16 liters of dialyzing 
medium of the in vitro dialysis experiment in order to check this dialysate 
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for activity, the in vivo method was used instead. Dialysis sacks were 
prepared from 5-inch strips of Visking tubing, 7/16 inch in diameter, 
which were double-knotted at one end and autoclaved. Fresh intact 
kidneys and spleens from strain A mice were inserted in the sacks (one 
organ per sack). The sacks were then double-knotted at the open end 
and implanted in the peritoneal cavities of the host C57BL/6Ks mice. 
Bits of live tumor (Sarcoma I) in sacks were similarly implanted in mice 
of the indigenous strain A to test the sacks for possible leakage of live 
cells. Since no tumor growth occurred in the A mice, the sacks were 
considered properly sealed. 

Active substances in the sacks containing the spleen or kidney ap- 
parently did not pass through the cellulose membranes. Three months 
after the implantation the sacks were removed and cut open. The organs 
had disintegrated during this time, as shown by the presence of only a 
liquid mass of what appeared to be necrotic material. The opened sacks 
with their contents were reimplanted into fresh C57BL/6Ks hosts. It 
was found that these contents had retained a considerable activity (data 
not shown in table). 

Activity of autolytic, hydrolytic, and enzymatic digests (table 6).—In all 
the digestion experiments incubations were carried out in sterile, stoppered 
serum bottles. Each preparation was layered with a few drops of toluene 
to prevent bacterial growth. The toluene was evaporated after incubation 
and prior to injection. A cotton-plugged hypodermic needle was inserted 
in the stopper of each bottle during incubation. The digestions were all 
carried out at the times and temperatures specified in table 6. Some 
of the digests were centrifuged at an average RCF of 11,000 X g before 
injection; others were injected without further treatment. 

For hydrolysis by 6 N HCl, dilute tumor supernatant was combined by 
rapid stirring with an equal volume of 12.N HCl, and the mixture was 
added in 4-ml. lots to Pyrex Carius combustion tubes. The tubes were 
sealed in a flame, placed for 72 hours in an oven kept at 105° C., and then 
cooled and opened. The clear, orange-colored hydrolysate was removed 
and brought slowly to pH 7 with 6N NaOH. It was injected intraperi- 
toneally in host mice in amounts of 0.2 ml. per injection. A dosage 
greater than 0.25 ml. per injection was found to be lethal. 

To study the effect of pH levels, dilute supernatants were rapidly mixed 
with either 6 N HCl or 6N NaOH, added in small drops until the desired 
pH was reached. The digests were checked periodically to insure the 
maintenance of the desired pH. After incubation they were brought 
back to pH 7 with a few drops of either alkali or acid. 

For enzymolysis, crystalline enzymes were used in concentrations of 
0.1 mg. per ml. of dilute supernatant, and crude enzymes, 10 mg. per ml. 
Each enzyme was thoroughly mixed with the supernatant by stirring and 
pipette agitation. Crystalline enzymes were pepsin,’ trypsin,” * ribonu- 


7 Nutritional Biochemicals, Inc., Cleveland, Ohio. 
® Armour & Co., Chicago, Ill. 
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clease,® desoxyribonuclease,® salivary a-amylase,” and hyaluronidase.’ 
Crude enzymes were f-amylase,’ bacterial a-amylase,’ and papain." 

Activity of the supernatant was destroyed by prolonged acid or alkaline 
hydrolysis and was drastically reduced by prolonged autolysis. The loss 
of activity in material treated with trypsin, amylases and nucleases was 
apparently due to the effects of autolysis, rather than enzymolysis, since 
this loss was no greater than that in the autolyzed material. Activity 
was completely destroyed by papain, but the papain-containing super- 
natants were so lethal that the data obtained are only suggestive. 

Enzymolysis with pepsin carried out, but as the pH data show, the 
acidity of the substrate (pH 2) was enough to destroy activity. Enzy- 
molysis with the crude bacterial a-amylase was found to produce erratic 
effects. At times activity was completely destroyed and at other times, 
under identical physical conditions, was actually increased over that of the 
autolyzed companion material. Salivary amylase was therefore prepared 
in order to observe the effects of true amylytic action on the activity of 
the supernatants. The activity of spleen supernatant seemed to with- 
stand the destructive effects of autolysis and of bacterial a-amylase to a 
greater extent than did that of tumor supernatant. In all cases where 
digestion was accompanied by the production of precipitates, the insoluble 
materials, when centrifuged out, were found to occlude the active sub- 
stances, thus leaving the supernatants only partially active or completely 
inactive. 

Activity of chemically prepared fractions of supernatants (table 7).— 
Ammonium sulfate fractionations of full-strength liver and tumor super- 
natants were carried out as follows. Saturated (NH,)2SO, was prepared 
at 25° C. Each supernatant was combined with an equal volume of the 
saturated salt and kept at 4° C. for 18 hours. The 0.5-saturated insoluble 
fraction was then centrifuged out and taken up in added amounts of dis- 
tilled water until no more dissolved. This solution was dialyzed against 
distilled water for 48 hours, shell-frozen, and lyophilized. The 0.5- 
saturated soluble fraction was brought to 0.75 saturation with amounts 
of solid (NH,)2SO, specified by Dixon’s nomogram (15), and kept at 4° C. 
for 18 hours. The 0.75-saturated insoluble fraction was then treated in 
the same way as the 0.5-saturated insoluble fraction. The 0.75-saturated 
soluble fraction of tumor supernatant was dialyzed, shell-frozen, and lyo- 
philized. For injection, weighed portions of these fractions were taken 
up in volumes of 0.85-percent NaCl equivalent to the original volume 
of unfractionated supernatant. Samples of the three tumor fractions, in 
proportional amounts, were also recombined for injection. The liver 
fractions were found to be completely inactive and the tumor fractions 
only slightly active. 

In the butanol fractionation of dilute tumor supernatant, 20 ml. of 
butanol were added slowly (5 minutes) to 50 ml. of supernatant in a 
100-ml. centrifuge bottle, and continuously mixed into a homogeneous 


7 See footnote 7, page 153. 

* Worthington Biochemical Sales Co., Freehold, N. J. 

© Prepared in this laboratory according to the method of Bernfeld (1# 
1! General Biochemicals, Inc., Chagrin Falls, Ohio. 
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TABLE 7.—The growth of homografts of the strain A tumor, Sarcoma I, in C57BL/6Ks 
mice receiving prior injections of fractions of liver and Sarcoma I from strain A mice 

















Hosts dying 
; b ae. with tumors 
Tissue Concentration Fractionated Fraction injected| mouse 
of supernatant* with (mg. dry 
wt.) Male |Female 

Liver. ..| Full-strength. .} (NH,)280,, 0.5 | Insoluble...... 39T 0/5 0/5 
sat. 

aeerer « ..| (NHg).S0Q,, 0.75 | Insoluble...... 21t 0/5 0/5 
sat. 

as = ..| Untreated...... ea 60t 3/5 4/5 

Tumor .| Full-strength. .| (NH,)280,, 0.5 | Insoluble...... 25f 1/5 0/5 
sat. 

eee ” ..| (NH,g).S0,, 0.75 | Insoluble...... 10f 0/5 0/5 
sat. 

or - ..| (NH)280,, 0.75 | Soluble........ lft 0/5 1/5 
sat. 

aero ” fae Above _ three 18t 0/5 0/5 

recombined. 

a, a Butanol........ Water extract. .| 2 ml.§ 0/5 4/5 

“ ...| Full-strength..| Acetone........ Precipitate....| 8f 2/5 5/5 

oF Uc ee acces Untreated...... _ ee: 4t 5/5 5/5 























*For preparation of supernatants see table 3, footnote *. 

tAdministered in 3 injections, over 1 week; tumor grafted 1 day after the last injection. 
tAdministered in 5 injections, over 2 weeks; tumor grafted 1 week after the last injection. 
§Administered in 10 injections, over 3 weeks; tumor grafted 1 week after the last injection. 


emulsion by rapid stirring. The emulsion was kept at 30° C. for 15 
minutes and then centrifuged at 4° C. for 30 minutes at an average RCF 
of 4,000 X g. The clear, yellow water layer was transferred by pipette to 
a dialysis bag and dialyzed against distilled water at 4° C. for 72 hours. 
The final volume of 60 ml. was not considered dilute enough to warrant 
reconcentration by lyophilization, and was injected without further 
treatment. Although considerable activity was lost by this procedure, 
yet enough was retained to indicate that with certain changes in method a 
suitable procedure could possibly be worked out. The water extract 
contained only completely soluble material, which demonstrates quali- 
tatively that the active conditioning substance is water soluble when 
extracted properly. 

The acetone fractionation of tumor supernatant, described below, 
although not generally considered a type of fractionation, is a more 
drastic type of acetone treatment than that usually performed. Never- 
theless, it demonstrates that acetone fractionation methods may possibly 
be of use in isolating the active conditioning substance. Ten ml. of 
full-strength tumor supernatant were poured slowly (15 minutes) into 
1,000 ml. acetone kept at —23° C. During the addition the mixture so 
formed was rapidly stirred, and, after the addition, was slowly stirred for 
30 minutes while the acetone warmed to 20° C. The precipitate was 
centrifuged out and dried in vacuo with intermittent grinding. The 
acetone powder was then reconstituted by homogenization to the original 


Journal of the National Cancer Institute 





a 





SUBSTANCES ALTERING HOST-GRAFT RELATIONSHIPS 157 


volume of 10 ml. with 0.85-percent NaCl. The material was still quite 
active after this treatment. 


Discussion 


Of interest, in relation to our findings, are the reports of Casey et al. 
(16, 17) wherein they observed the accelerated growth and metastasis of 
the Brown-Pearce tumor in rabbits following the injection of extract of 
previously frozen Brown-Pearce tumor filtered through a Berkefeld V 
filter. On the other hand, filtrates of fresh tumor tissue through Berkefeld 
V and N candles were ineffective (18). These authors concluded (18) 
that they were dealing with factors which in the fresh tumor tissue might 
be “. . . attached to or parts of a macromolecule which is not filtrable 
through Berkefeld or Seitz filters.” They also found that the effective 
materials were not inactivated when heated to 52° C., but were largely 
inactivated at 56° C. (19). 

Similar conclusions as to the possible physical and chemical nature of 
effective factors in a tumor extract (called ‘fresh accelerant’’) have been 
reached by Shear e¢ al. (20). They used as their test situation the 
accelerated growth of a transplantable mouse mammary carcinoma in 
mice of the inbred strain to which the tumor was indigenous. The 
“fresh accelerant”’ was obtained by the repeated centrifugation of a saline 
homogenate of freshly excised tumor. The authors further concluded 
that the active factor(s) were ‘‘ . . . associated with both the mito- 
chondrial and microsomal fractions...’ obtained by differential centrif- 
ugation. The latter observation has also been set forth by Snell (27) 
who subjected to differential centrifugation homogenates of transplantable 
mouse tumors and normal mouse liver. 

Turning to our own data, two factors were found consistently to inter- \ 
fere with the retention of high activity of test substances prepared from | 
tissues of strain A mice: a) the sensitivity of the active material to autol- | 
ysis and to acid and alkaline hydrolysis; 5) the great affinity of the active | 
material for insoluble denatured proteins and insoluble cellular material. / 

Any treatment of test substances prior to injection which involved 
prolonged standing in any but the frozen state, even dialysis at low tem- 
peratures, resulted in at least a partial loss of activity. The only exception 
was the autolytic treatment of the apparently less sensitive spleen super- 
natant. This sensitivity undoubtedly contributed at least in part to the 
loss in activity in supernatants during the extremely slow filtrations through 
microporous filters, during prolonged dialysis, during treatment with 
enzymes, and during the fractionation with ammonium sulfate. It was 
not surprising therefore to find that the active substance was also labile 
to heat treatment above 60° C. or to treatment at extreme pH levels. 

The active substance was found to be only partially extractible from tissues 
with water or saline. Moreover, even when a highly active extract was 
obtained, the active substance precipitated out readily with the denatured 
proteins or with the cellular material removed by filters or ultracen- 
trifugation. 
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The dilute supernatant (D.S.), although undoubtedly containing only 
a part of the total active substance present in the whole tissue, was found 
to be highly active. Since it contained a minimum of insoluble cellular 
material, it was readily filtrable through ultrafine, fritted glass discs 
without any decrease in activity. As long as prolonged autolytic or 
denaturation processes were avoided, the dilute supernatant was found 
to lend itself favorably to further treatment. 

It is, of course, to be hoped that a solution of the active test substance 
can be obtained without the presence of highly dispersed ultrafine particu- 
late matter, which undoubtedly is still contained in the dilute supernatant. 
To this end, the water solution obtained from the butanol fractionation 
seems more desirable except that the yield of active substance in this 
case is extremely small. 

The substance responsible for inducing the conditioning process can be 
characterized as follows: a) it is water extractible and water soluble; bd) it 
is unstable at temperatures above 60° C.; c) it is destroyed by prolonged 
autolysis or by acid and alkaline hydrolysis; d) it is either associated with, 
or a part of, denaturable high-molecular-weight proteins; e) in tissues it 
appears to be a constituent of cellular particulates and presumably 
available only in small amounts as a circulating, humoral factor. 

However, the real physicochemical and biological nature of the condi- 
tioning substance remains practically unknown. All of the characteristics 
listed above have been arrived at through necessarily empirical methods 
and describe the nature of the substance only in terms of those methods; 
in fact, they describe only the nature of the complex in which the active 
substance is contained. Jt must be emphasized, therefore, that dependable 
and reproducible results can be obtained with the technique for inducing 
the conditioning process only when optimal conditions for retention of 
activity are met, and, furthermore, that until the active substance is 
isolated from the complex in which it exists, all characteristics arrived at 
through empirical methods must be ascribed only to that complex. 


Summary 


A preliminary investigation was made as to the nature of the substances 
in mouse tissues responsible for the abrogation of resistance to tumor 
homografts in mice of inbred strains. A water-extractible complex con- 
taining the active substance was obtained which was found reliable for 
further biological, physical, and chemical investigations. This water 
extract was characterized by two limiting factors: 1) sensitivity to heat, 
to prolonged autolysis, and to acid and alkaline hydrolysis, and 2) extreme 
affinity for insoluble denatured proteins and cellular material. The 
partial or complete loss of activity, which occurred during passage of the 
water extract through microporous filters, during prolonged dialysis, 
during enzymolysis with proteolytic, amylytic, and nucleolytic enzymes, 
and during chemical fractionations, was ascribed mainly to these two 
factors. It was concluded that the active substances in tissues appear to 
be constituents of cellular particulates and presumably are available only 
in small amounts as circulating, humoral factors. 
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The R.I.L. Strain of Mice: Its Relation 
to the Leukemic AK Strain and AKR 
Substrains ' 


Cuara J. Lyncu,? The Rockefeller Institute for 
Medical Research, New York, N. Y. 


The R.I.L. (Rockefeller Institute leukemia) strain of mice has been 
referred to in a number of papers (e.g., 1, 2), and its substrains are main- 
tained by many laboratories. Because of its widespread use in experi- 
mental work, it seems desirable to report on the origin of the R.I.L. strain 
and to indicate some of its characteristics. It is important to note that 
the main line of this strain will be discontinued and, forreasons given below, 
the substrains should be designated by the symbol AKR. 

From a random-bred stock in the laboratory of Dr. Cornelius P. Rhoads 
at the Rockefeller Institute, brother X sister inbreeding of lines selected 
for leukemia was begun by Katherine B. Rhoads. The inbred lines thus 
instituted were transferred in 1939 to the Memorial Hospital for Cancer 
and Allied Diseases, and brother X sister mating continued there until 
the spring of 1940, when the breeding was terminated. At this time three 
groups of siblings with several young litters, taken from the line with the 
greatest frequency of leukemia, were returned to the Rockefeller Institute, 
to the laboratory of Dr. James B. Murphy, where brother X sister in- 
breeding was carried on under the direction of the author. Data on the 
early generations, presented through the courtesy of Dr. C. P. Rhoads and 
K. B. Rhoads, are given in text-figure 1. Throughout the chart, only 
those individual mice and the collateral branches that are pertinent to 
our present purpose are shown. 

From the mice received by us, a number of sublines were started. The 
origins of the principal ones, A to F, may be seen in the pedigree (E and F 
were separated from each other two generations later), but further history 
is given for line B only. This is descended from o3645 and 93643, 
which were sent with their parents from Memorial Hospital. This pair 
was mated in our laboratory, and their offspring constitute the first 
filial generation of line B. From time to time, siblings have been given 
out to establish substrains elsewhere. The first lot was selected from 
line B because at that time B appeared to be showing the highest per- 


1 Received for publication December 28, 1953. 
2 The author wishes to express her appreciation to Mr. Marvin Schneiderman for valuable discussions of the 
Statistical aspects of the paper. 
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centage of leukemia; and thereafter, the chief substrains were chosen 
from the same stem. 

Some time after the adoption and appearance in print of the name 
R.I.L., it was established that the original random-bred stock at the 
Rockefeller Institute had been derived solely from a small group of mice 
(probably a single litter) of the AK stock of Dr. J. Furth (3), no other 
strains having been added during the 1% to 2 years of random breeding 
in the Rhoads laboratory. According to a personal communication 
from Dr. Furth, his AK line had been inbred since 1928 before it was 
given to Dr. Rhoads in 1936. The appellation AKR has now been 
adopted for the substrains to indicate the derivation of the random-bred 
colony from AK stock and the subsequent brother X sister breeding at 
the Rockefeller Institute. The change in name is in line with the recom- 
mendations of the Committee on Standardized Nomenclature for Inbred 
Strains of Mice (4). The chief substrains are as follows: 1) In 1945, 
after 18 to 19 consecutive matings had been carried out by us, 5 groups 
of siblings (shown by dotted boxing in text-fig. 1) with several young 
litters were returned to Memorial Hospital to form the nucleus of another 
colony, which is now being maintained there under the name AKR/M. 
2) From 10,852 and 910,854 a pair was derived, 10,943 and 910,944, 
which produced the F;, litter that was sent to Dr. L. W. Law at the 
National Cancer Institute; it was first known as the R.I.L. strain, now 
as AKR/Lw. 3) Male 10,939 and sister 10,941 produced an F;, litter 
that was sent to the Roscoe B. Jackson Memorial Laboratory and origi- 
nated the AKR/Jax substrain. 4) From our F;, of the main line, and from 
a short collateral branch of the F., two litters belonging to Fy, were sent 
to Dr. J. Furth at the Oak Ridge National Laboratory, where the sub- 
strain is called AKR/Fu. 5) A collateral branch (not shown in text-fig. 1) 
from our F.. gave rise to mice of the Fy, generation that were transferred 
to Dr. W. F. Dunning at Miami University (substrain AKR/Du). 6) The 


Text-FicureE 1.—Pedigree chart of the R.I.L. strain of mice, line B. Each mouse is 
identified by number, and its age in weeks at death is given by the numeral in the 
lower right corner of each box. In the lower left corner, @ = Leukemia; CQ = No 
leukemia; —=Uncertain. The strain originated from a random-bred colony that 
has been found to be descended from the AK strain of Dr. J. Furth. The early gen- 
erations of brother X sister matings were made by Katherine B. Rhoads in the lab- 
oratory of Dr. C. P. Rhoads, first at the Rockefeller Institute and later at Memorial 
Hospital. The individuals indicated by double boxing were returned to the Rocke- 
feller Institute. The origins of lines A through F and the main stem of line B are 
shown; collateral branches are omitted. The origins are indicated also for the 
following substrains: AKR/M now maintained at Memorial Hospital, New York; 
AKR/Jax at the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Me.; AKR/ 
Lw under the supervision of Dr. L. W. Law at the National Cancer Institute, 
Bethesda, Md.; AKR/Fu under the supervision of Dr. J. Furth at the Oak Ridge 
National Laboratory, Oak Ridge, Tenn. Line B has been carried for a few more 
generations of inbreeding but will be discontinued at the Rockefeller Institute. 
Data on the early generations are presented through the courtesy of Dr. C. P. 
Rhoads and K. B. Rhoads. 
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B line now being maintained at the Rockefeller Institute will shortly be 
discontinued. 

The R.I.L. mice are characterized by the occurrence of leukemia of the 
lymphoid type, that is manifested grossly by enlargement of the thymus 
and mesenteric lymph nodes, and usually by a general increase of lymph- 
oid tissue. In the initial stages of the disease, the blood picture may not 
be leukemic. In the terminal stages, in a large percentage of cases, there 
is a high total white blood cell count (in excess of 60,000 per cu. mm.), 
with mature and immature lymphocytes ranging from 92 to 95 percent. 
No other type of leukemia has been identified in our material thus far, 
though other types have occurred in the parental stock. With our 
strain, autopsies are regularly performed on all animals, and blood 
smears from 100 individuals have been examined, but an extensive 
search for other types of the disease has not been made. 

In our laboratory, mice of this strain are kept in the same type of 
cage, are cared for and fed according to the same routine. The diet 
consists of bread and milk daily, with rolled oats and lettuce once a week; 
Purina fox chow is always available. Temperature and humidity are not 
closely controlled. 

It was early apparent that mice of this stock have a short breeding 
period and also a tendency to the deposition of fat. Certain additional 
observations were made upon the occurrence of leukemia during the 
process of inbreeding. The data are chiefly from two sources: 1) non- 
bred mice of the earlier generations (1940-46) belonging to the lines A, B, 
D, E, and F (C wassoon discarded); and 2) mated animals of line B. Most 
of the non-bred individuals had served as controls for various experi- 
ments carried out by Dr. James B. Murphy and Mr. Ernest Sturm. All 
autopsies were done by Mr. Sturm with the assistance of Mr. Jerry 
Simunek. In a number of cases a definite diagnosis could not be made, 
chiefly because of post-mortem changes or cannibalism among cage mates. 

Leukemia was found in autopsies of mice as young as 18 weeks, though 
it was most frequent in animals between 34 and 45 weeks of age. The 
oldest mouse of these lines to die from leukemia was 84 weeks old. The 
greatest age attained by a nonleukemic individual was 87 weeks, showing 
that these mice have been comparatively short-lived. 


Differences in Incidence of Leukemia from Year to Year, and Between 
the Sexes 


The frequency of leukemia among non-bred mice has not been constant. 
When the stock was first acquired, the incidence was rather low: among 
mice born in 1940 and 1941 and surviving 18 weeks or more, 61.1 percent 
of the non-bred females and 41.2 percent of the males developed the 
disease. In the succeeding years the incidence gradually increased until, 
among mice born in 1944, it reached 94.3 percent among females and 71.4 
among males, figures significantly different from the earlier percentages. 
Thereafter, the incidence declined in both sexes, the few pertinent records 
for mice born in 1946 showing the lowest incidence yet given by either sex: 
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TaBLE 1.—Incidence of leukemia in R.I.L. mice of 18 weeks and older. 
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by year of birth, line, and sex 
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22 Jad 
Year of| yin Per- 2 P 
birth —_ With |Percent With x 
Total louie Soule Total ped cent 
mice | *©UKC- | teuke- | mice | *°UX® | leuke- 
mia mia mia : 
mia 
1940-41 A 7 4 57.1 8 4 50.0 0.99* 
B 33 21 63.6 4l 13 31.7 7.51 <.01 
D 3 1 33.3 16 3 18.7 .53* 
E 22 13 59.1 45 23 51.1 0.38 -70-.50 
F 7 5 71.4 26 13 50.0 41* 
Pooled 72 44 61.1 136 56 41.2 7.50 <.01 
1942 A 34 22 64.7 22 9 40.9 3.06 -10-.05 
B 8 6 75.0 20 9 45.0 .22* 
D 15 7 46.7 10 8 80.0 .21* 
E 14 9 64.3 35 15 42.9 1.84 -20-.10 
F 15 10 66.7 16 8 50.0 0.88 .50-.30 
Pooled 86 54 62.8 103 49 47.6 4.39 .04-.03 
1943 A 19 17 89.5 20 14 70.0 .24* 
B 43 38 88.4 38 22 57.9 9.76 <.01 
D 21 16 76.2 19 12 63.2 0.81 .50-—.30 
E 41 36 87.8 39 27 69.2 4.12 .04 
F 22 20 90.9 26 19 73.1 .15* 
Pooled 146 127 87.0 142 94 66.2 17.43 <.001 
1944 A 5 5 100.0 9 7 77.8 .51* 
B 25 24 96.0 23 18 78.3 .09* 
D 17 16 94.1 ll 6 54.5 .02* 
E 30 30 100.0 20 16 80.0 .02* 
F 10 i 70.0 7 3 42.9 .35* 
Pooled 87 82 94.3 70 50 71.4 | 15.10 <.001 
1945 A 2 2 100.0 8 2 25.0 .13* 
D 22 15 68.2 38 14 36.8 5.48 .02 
F 4 3 75.0 17 Ss 47.1 .59* 
Pooled 28 20 71.4 63 24 38.1 8.61 <.01 
1946 B 5 3 60.0 9 3 33.3 .58* 
E 7 4 57.1 7 2 28.6 .59* 
F 4 2 50.0 3 0 0.0 .43* 
Pooled 16 9 56.3 19 5 26.3 3.24 -10-.05 
Grand total..| 435 336 77.2 533 278 52.2 | 64.94 <.001 


























*For sets of figures with 0, 1, 2, 3, or 4 in a cell, the values of P were calculated by the “exact treatment” of 
Fisher (“‘Statistical Methods for Research Workers,” 9thed. Edinburgh, Oliver and Boyd, 1944, p. 96 ff.) A 
two-sided test was used instead of the single one given in the illustration. 


56.3 for females and 31.8 for males. 


suitable for our purpose, are not available. 


More recent data on non-bred mice, 


The figures quoted apply 


to the strain as a whole, but the fact that the individual lines concurrently 
showed an increase in incidence with subsequent decrease suggests that 
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uncontrolled environmental as well as genetic influences might be at work. 
From year to year there were different relative proportions of the several 
strains among the mice tested. However, the magnitude of these changes 
and of the apparent interstrain differences are insufficient to account for 
the year-to-year fluctuations. 

A relationship that seemed more constant was the greater susceptibility 
to leukemia shown by females than by males. A statistical examination 
of the data was made to test this point. Since the data include 5 lines 
maintained over the 6-year period during which wide fluctuations had 
been noted, the mice were classified by year, line, and sex. (A small 
number of animals born in 1940 are included with those of 1941.) This 
procedure yielded 26 sets of females and males for comparison, as seen 
in table 1. Four females and 18 males for which there were no compa- 
rable groups were omitted. The data proved to be somewhat irregularly 
distributed, and some of the totals were very small; however, it may be 
noted that in the 26 sets, in all but one instance (1942, line D), the females 
had a higher incidence of leukemia than did the males. From the tests 
that were applied to the 26 sets, it is seen that the greater incidence in 
females was statistically significant (P<..05) in 6 cases, but the figures 
were not significant in the one exceptional instance. If the incidence were 
the same in both sexes, the probability of getting a higher incidence for 
females in 25 groups and for males in only one group would be .000,000,8 
or approximately one in a million; the sex difference is therefore real. It 
may also be noted that in the data pooled by year (table 1) and by line 
(table 2) the differences are significant by the x’ test except in 1946, where 
the numbers involved are small. 


TABLE 2.—Totals from the classification by line, year, and sex of the data in table 1 
































i. ad 
Line ng » 
(1940- With | Percent With | Percent | “t@ 
46) Total Pl ad toe Total Pho how x 
meee mia mia ee mia mia 

A 67 50 74.6 67 36 53. 7 6. 36 . 012 
B 114 92 80. 7 131 65 49. 6 25. 57 <. 001 
D 78 55 70. 5 94 43 45. 7 10. 69 <. 01 
E 114 92 80. 7 146 83 56. 8 16. 56 <. 001 
F 62 47 75. 8 95 51 53. 7 7. 83 <<. 








An analysis of the data was undertaken to see whether the sex difference 
in lines A, B, D, E, and F was constant over the period 1940 to 1946. 
A statistical method, applicable to the material presented, was provided 
by Professor Howard Levene. The author wishes to acknowledge her 
indebtedness to Professor Levene for his assistance in this study. 

To test the homogeneity with respect to years, data of the 5 lines 
pooled for each year were used. In 1945, only lines A, D, and F appeared, 
and in 1946, only B, E, and F. Since it was felt that any yearly effect 
would be cumulative so that adjoining years might be combined, data 
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for 1945 and 1946 were grouped together. The basic statistic is the 
percentage occurrence of leukemia for males of all strains (p,) for any 
year, divided by the percentage for females (p,) for that same year. The 
hypothesis of homogeneity is that the ratio (p,/p2) equals some constant 
(k) for all years or all lines. The standard error of this ratio is approxi- 
mately: 





on [np2(1—pi)+mp, (1—p2)|=S [1] 


when m=the number of males in the year in question, and n= the number 
of females. 


The best estimate of the common ratio k is: 





2lPulPrd | : 

Sas, ~* - 
Pit 
Pu = 


[3] 


where the subscript 7 refers to the year. 

In the last equation, the x? distribution has N—1 degrees of freedom 
where N is the number of years used, and the summation is to be taken 
over all years. 

Table 3 gives the relative susceptibility of males and females by year, 
and its standard error.’ From oqraten 2, k is found to be 0.725 and 
the calculated value (equation 3) of x? is 4.784. For 4 degrees of freedom, 
this is not a significant figure, thus giving no evidence that the relative 
susceptibility of the two sexes over the observed period was inconstant. 

TaBLE 3.—Relative susceptibility of males and 


females by years and standard errors of the 
relative susceptibility 





, 
Leukemia 

















(percent) Ratio |Standard 
Year of | | error 
birth | | Br) | 
ee fo sos Poy | (S) 
(p2) (pi) | 
1940-41 61. 1 41.2 0. 674 0. 094 
1942 62. 8 47.6 . 758 . 100 
1943 87.0 66. 2 -761 | .052 
1944 94.3 71.4 .757 | .061 
1945-46 65. 9 35. 4 = 537 | . 099 








To test the homogeneity with respect to the 5 lines, data for the years 
are pooled for each line and subjected to the same statistical analysis. 


3 The author wishes to thank Mr. Leon Herbach for carrying out some of the calculations. 
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Table 4 gives the relative susceptibility of the sexes by line, with its 
standard error. Proceeding as before, we find k to be 0.672 and x? equal 
to 1.671. For 4 degrees of freedom, this is not significant, and therefore 
the test of homogeneity is not rejected for lines any more than for years. 
The analysis in table 3 is valid if we are justified in pooling all lines in any 
one year. If not, the estimates of p,/p, are not strictly correct, and the 
corresponding standard errors are probably too low. The estimate of k 
depends on the assumption that the true incidence of p, and p, are the 
same for all lines in a given year, and though from year to year they may 
vary, their ratio remains constant. The validity of table 4 depends on 
the justifiability of pooling data from all years for any one line. The 
assumption is that p,; and p2 are the same in all years for a given line and 
that although p,; and p, may vary from line to line their ratio remains con- 
stant. Actually, there are probably differences from line to line, and also 
the data show mathematically significant differences from year to year. 
The differences from year to year seem to be greater than the differences 
from line to line; also the year-to-year changes in the various lines seem 
to run parallel. It follows that the assumptions involved in table 3 are 
more nearly fulfilled than those for table 4, and hence that the conclusions 
drawn from table 3 are more reliable. 
TaBLE 4.—Relative susceptibility of males and 


females by lines, and standard errors of the 
relative susceptibility 














Leukemia 
(percent) Ratio |Standard 
- | error 
Line ! | ») 
| 99 | at | \m (S) 
| (pa) (p1) | 
A | 74.6 | 53.7 | 0.720 | 0.096 
B | 80.7 | 49.6 . 615 . 061 
D | 70.5 | 45.7 | .648 . 087 
E | 80.7 56. 8 | . 704 . 060 
F | 75.8 53. 7 | . 708 . 085 





The statistical technique used here is limited by biological considera- 
tions. The hypothesis tested, that the ratio p,/p2 is a constant, may 
not hold for the highest and lowest levels of susceptibility. This might 
explain the fact that in table 5 the sex difference for 1940-41 is not 
statistically significant; or possibly, the ratio may be entirely different 
for bred mice. A model postulating constant ‘“probit’’ or “logit” differ- 
ences might meet the objection raised,‘ but the method used appears 
adequate for present purposes. 

Additional data concerning the sex difference are supplied by records 
of animals of line B (the principal line under consideration) that have 
been bred. In the period 1940-41, there were 88 females and 43 males 
with an incidence of leukemia of 81.8 and 69.8 percent respectively 


* This model has been suggested by Mr. Marvin Schneiderman, Biometry Section, National Cancer Institute. 
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(table 5). Although the females were more susceptible, measured by the 
x? test the difference in incidence is not significant. Acceptable evidence 
for the years 1942-45 is not available, since many of the mice were used 
for experimental purposes, but suitable records are at hand, of individuals 
belonging to the 24th and later generations, born in the years 1946 to 
1950 inclusive, and all descended from a single leukemic pair of our 20th 
generation. Since there was no significant difference among the years, 
the data were pooled, showing 92.0 percent leukemia among 263 females 
and 79.7 percent among 123 males. Here, the difference between the 
sexes was significant: x? was 12.158 and P<.001. In the test for homo- 
geneity in the two sets of data, k=0.864 and x’=0.016. For one degree 
of freedom P=.90, strong evidence that the ratio of leukemic males to 
leukemic females was relatively constant for the two time periods. Again 
the evidence indicates a greater susceptibility to leukemia in the female sex. 

Taking the data as a whole, we may conclude that in the R.I.L. strain 
the females were more susceptible to leukemia than the males. 

This result cannot be attributed to a longer life span among females. 
Table 6 gives the mean age at death for the various groups of bred and 
non-bred mice shown in tables 1 to 5. In 10 of the 13 comparisons, the 
mean age was greater for males than for females, though in no case was 
the difference between sexes statistically significant. 


TaR_e 6.—The mean ages of various groups of mice 











:9 ad 
Group 
Mean age Mean age 
(weeks) + S.D.* | (weeks) + S.D.* 
Non-bred: 
1940-41....... 42.6 + 13.6 41.1 + 12.6 
_. ee 34.2 + 10.9 36.9 + 11.1 
ee 42.7 + 11.9 41.2 + 11.9 
eee 37.6 + 9.8 43.9 + 11.3 
ae 43.2 + 14.8 45.7 + 12.7 
_ _. SAR 39.1 + 9.1 41.6 + 144 
Os 37.9 + 10.3 41.34 114 
a eee 40.3 + 12.1 39.0 + 10.9 
ade ee: 39.5 + 146 43.5 + 12.5 
a aw. 38.7 + 10.6 41.2 + 12.4 
Eee 39.9 + 12.3 42.3 + 14.2 
Bred—Line B 
1940—-41....... 41.1 + 10.3 44.3 + 10.6 
1946-50....... 38.5 + 9.1 444+ 10.8 











*Standard Deviation. 


In respect to sex difference, the R.I.L. mice resemble the parental AK 
strain. Cole and Furth (5) have published data on five lines of the AK 
stock. In each line, the females had a higher leukemia incidence than the 
males, the difference being statistically significant in two instances. 
When data for all five lines were combined, the differences were highly 
significant. A sex difference was reported by Mercier as occurring in a 
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stock of mice that developed lymphosarcoma, 60.3 percent of the females 
being affected and 38.2 percent of the males (6). On the other hand, 
certain other stocks have shown no significant difference. Dobrovolskaia- 
Zavadskaia noted that among 143 mice of line III the disease was slightly 
more frequent among males (7). The observations of Kirschbaum (8) 
upon Strong’s F strain (9) showed that the sexes did not differ significantly 
in either the total incidence of leukemia or its age distribution. The 
C58 strain, established by MacDowell, had 90.2 percent and 88.9 percent 
leukemia in the females and males, respectively (10). Possibly, suscepti- 
bility in the latter strain is so great that this material is not suitable for 
the demonstration of sex differences, the negative cases being the result 
of uncontrolled variables. Crosses have been made by several of these 
investigators. The results of Kirschbaum (8), obtained by crossing the 
F strain with 3 low-leukemia strains, showed no significant sex difference 
in the hybrids, but some of the evidence of Cole and Furth suggests that 
a sex difference in susceptibility to leukemia exists. MacDowell, Potter, 
and Taylor (11), in an extensive analysis of extrinsic and intrinsic variables, 
have concluded that although their totals do not establish it statistically, 
there probably is a small sex difference, and they have shown the complex 
relationships of sex vith other factors that influence the incidence of this 
disease in their stock. 

The variation from year to year in total incidence of leukemia shown 
by both sexes in the R.I.L. strain was striking, and several factors were 
checked to see whether they might furnish an explanation of this 
phenomenon. 

As previously stated, the mice so far observed were relatively short- 
lived. The mean length of life among females (table 6) ranged from 
34.2 + 10.9 to 43.2 + 14.8 weeks, and among males from 36.9 + 11.1 
to 45.7 + 12.7 weeks. In neither sex was the difference between the 
extremes mathematically significant. It is evident that the mean length of 
life from year to year, and also in the several lines, was not correlated 
with the incidence of leukemia. For example, in the years 1940-41 
the mean age at death was about the same as in 1943, but there were 
25 points difference between the two periods in the percentage of leukemia 
in each sex (table 1). 

Season of the year as a possible factor in leukemia vas also checked, 
but no constant relationship between season of year and leukemia could 
be detected. 

Age of the mother at parturition was not implicated as an important 
factor in the variation in incidence of leukemia observed from year to year. 
There was a general tendency in the different groups for the percentage of 
leukemics among daughters to increase and among sons to decrease, as 
the mother’s age became greater. But the effect of mother’s age was not 
constant in amount nor was it correlated with the annual variation in the 
occurrence of leukemia. The data for all years combined showed that 
from mothers that were 18 weeks or younger at the time of giving birth 
to offspring, 75.9 percent of the daughters developed leukemia, and from 
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mothers of 19 to 38 weeks at parturition, 77.2 percent of the daughters had 
leukemia. Among sons, the comparable figures were 51.2 percent and 
49.7 percent, respectively. MacDowell et al. (11) have demonstrated in 
outcrosses that the age at parturition of the mother from the nonleukemic 
strain affected the percentage of leukemics, but that may be a different 
phenomenon. 

The data were examined to see whether the incidence of leukemia was 
the same in successive litters. The modal number of litters per breeding 
female was 2 (the average was 2.2). Of 531 mothers, only 4 had as many 
as 6 litters.’ Only a fraction of the offspring were available for the study 
of litter seriation. Although there was a suggestion that leukemia inci- 
dence increased slightly in later litters, the effect was not found in all 
groups. Rather, it was clear that incidence among first litters changed 
with the year. For example, 4 groups of females (108 mice in all), belong- 
ing to first litters, gave from 55.5 to 64.9 percent leukemia for the years 
1940-41, 1942, 1945, and 1946, when total incidence (all litters) was low, 
and 2 groups of first-litter females (64 and 38 mice) gave 85.9 and 92.1 
percent respectively for the years 1943 and 1944, when total incidence 
was high. For the same annual groupings, first-litter males (171 in all) 
gave 23.1 to 42.5 percent leukemia for the 4 years when total incidence 
was low, and 2 groups of first-litter males (60 and 37 mice) gave 63.3 
and 78.4 percent in 1943 and 1944. In these tabulations not all variables 
could be controlled; therefore, while the evidence does not confirm the 
idea that litter seriation is important, neither does it completely rule it out. 
However, the possibility is ruled out that this phenomenon accounts 
for the variation in leukemia incidence shown in different years in our 
colony. 

Any influence from gross nutritional differences seems to be ruled out 
by the conditions of the experiment. 

The question arises as to whether intercurrent disease might influence 
the occurrence of leukemia. It has been shown in strain AK mice (12, 13) 
and in mice of strain R.I.L. (2) that thymectomy reduces the incidence 
of the disease. It is conceivable that some undetected condition causing 
involution of the thymus might contribute to the variation in leukemia 
incidence seen in our colony. 

It must be emphasized that no generalizations concerning these sug- 
gested factors are intended. Under more closely controlled conditions, 
they might have been shown to be effective. Here, it can be stated 
simply that it has not been possible to prove them responsible for the fluc- 
tuation in leukemia incidence observed during the period of inbreeding of 
the R.I.L. strain in our laboratory. 


Effect of Breeding 


It should be noted that the incidence of leukemia among breeding mice 
of both sexes in line B was high, both during the early years of observation 


5 Usually the female was removed from the mating cage at the first pregnancy, and 21 to 30 days after par- 
turition was returned to the mating cage permanently. Because of this short absence, the fertility of the strain 
may be slightly greater than indicated by these figures. 
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and more recently. Records for the years 1940 and 1941 permit a com- 
parison of bred (table 5) with non-bred mice (table 1) of line B for the 
same period. It was found that for the females x? was 4.460 and P=.03, 
and for males x? was 12.168 and P<.001, thus indicating a greater sus- 
ceptibility among the breeding mice. Cole and Furth (5) reported that 
pregnancy did not affect the development of leukemia in their AK strain. 
Our evidence seems to be in opposition to this statement; however, our 
single comparison was made before our colony was highly inbred and 
should not be stressed. 

As indicated above, a similar comparison with respect to the effect of 
breeding cannot be made for later years, but it is interesting to note that 
for the years 1946 to 1950 (table 5), the bred females have about as high 
an incidence of leukemia as seen in any group of females here reported, 
and the males have the highest incidence shown for this sex. 


Susceptibility to Mammary Tumor 


In our laboratory, untreated R.I.L. mice have had no spontaneous 
mammary tumors, although 540 bred females have lived more than 35 
weeks, and of these, 95 have lived 51 to 74 weeks. However, reciprocal 
fostering of young mice, carried out with strain 1194, which has a low 
incidence of leukemia and of lung tumors and a medium incidence of 
mammary tumors, has indicated the susceptibility of the R.I.L. strain 
to this sort of growth. 

Experimental.—In the first experiment, 3 litters of R.I.L. mice, when 
less than 12 hours old, were fostered by strain 1194 mothers. None of 
the 3 foster mothers developed tumors of any kind. In experiment 2, 
5 mice removed by cesarean section from an R.I.L. mother, were raised 
by a foster mother from strain 1194. This mother later had a mammary 
tumor. The fostered mice of each experiment were inbred, and records 
of all mice among 4 generations of descendants that lived 18 weeks or 
more are shown with the parents in table 7. In the third experiment, 
mice of strain 1194 were foster-nursed by R.I.L. mothers. Nonfostered 
controls from the 1194 stock are included in the table. 

Resulis.—In the first experiment, in which the 3 foster mothers, though 
belonging to a tumor strain, did not themselves develop tumors, no mam- 
mary tumors were found in any of the R.I.L. female descendants, of 
which 58 were virgin and 27 bred. In the second experiment, in which 
the 1194 foster mother eventually became tumorous, 2 of the 3 females 
she nursed developed mammary tumors, as did also 8 of the 27 bred 
females descended from the 3 fostered mice. This made a total tumor 
incidence among 30 bred females of 33.3 percent at an average age of 
44.1 weeks (range 34 to 64 weeks), which may be compared with 36.3 
percent at an average age of 64.9 weeks (range 33 to 91) among the bred 
females of strain 1194. One of 32 virgin R.I.L. descendants (3.1 percent) 
had a mammary tumor (at 47 weeks), which is considerably less than the 
19.1 percent found among the virgin female 1194 controls; however, the 
R.1.L. mice live only about half as long as the others. The tumors that 
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TABLE 7.—Incidence of neoplasms in fostered and nonfostered mice* 


























Incidence of neoplasms 
(percent) Avg. 
No. of age 
mice 
Mam-| Pul- | Leuke- 
mary |monary|} mia /|(weeks) 
Expt. 1.} R.I.L. mice fostered by strain 
1194 9 9: 
We wk a newa k oa ean ae eee 0. 0 12.5 | 37.5 
$$ RS re eeee 4 0. 0 0.0 50. 0 46. 8 
Descendants of fostered R.I.L.: 
Be atesietrs elas soc ece nts ie ee 0.0 | 42.9] 39.1 
ts. eee 58 0.0 oS 56. 9 41.2 
oe a eset eon as 27 0.0 7.4 44.4 35. 0 
Expt. 2.| R.I.L. mice fostered by strain 
1194 9: 
NN as thao, ico ane pa ee tet See 0.0 50.0 | 49.0 
ff. See 3 66. 7 0.0} 33.3 | 43.7 
Descendants of fostered R.I.L.: 
he oe ee meee - A See 2.0 76.0 | 37.8 
Be IG tina hie.cinte laren 32 3.1 0.0 81.3 | 38.2 
| OO Ws icetevcsewss 27 29. 6 3.7) 81.5] 41.3 
Expt. 3.| Strain 1194 fostered by R.I.L. 
a 
Reicks earch afok te aseretaie eel a oe 13. 5 2.4 95.1 
£ ee eee 37 5. 4 0. 0 0. 0 92.3 
| Strain 1194 nonfostered: 
* Sf OR rarer Oe Basen 14. 6 3.0} 91.1 
2 3 Sears 68 19.1 7.4 4.4] 81.9 
OD a tS chia waceke 80 36. 3 A 0. 0 67.9 




















* A few strain 1194 mice were not included in determining incidences of lung tumors and of leukemia. 


did appear among the R.I.L. mice were found at a rather early age. 
Possibiy, if the mortality from leukemia had been lower, the mammary 
tumor incidence might have been higher than that actually observed. 
The mammary tumors occurring in the fostered line were distributed 
among all 4 generations and were found in mice from both tumorous and 
nontumorous mothers. 

In the reverse situation, where the R.I.L. mice were used as foster 
mothers, the mammary tumor incidence in strain 1194 was reduced to 
5.4 percent (2 tumors among 37 female mice). The appearance of a small 
number of tumors might be attributed to hormonal imbalance or various 
other causes and is not sufficient to prove the presence of a milk agent in 
the R.I.L. strain. The general view suggested by these experiments is 
that the R.I.L. mice carry no agent (or one of low activity) but are sus- 
ceptible to a mammary tumor agent carried (presumably) by a cancerous 
foster mother of the 1194 strain. 

These results are in line with previous experiments with AK stock. 
Furth, Cole, and Boon (14) state that the incidence of mammary tumors 
in this stock has been low (0.1 to 2.0 percent). This incidence was in- 
creased after fostering by mothers from the C3H (high-mammary-tumor) 
stock, but the incidence among C3H mice was lowered when they were 
nursed by AK mothers. Barnes and Cole (15) report that mothers from 
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the Af (high-tumor) strain failed to render the AK (and Rf) mice cancer- 
ous; however, a good many of the fostered mice died early from leukemia. 
But the use of AK mice as foster mothers again lowered the incidence of 
mammary tumors in high-tumor strain Af. 

In our fostering experiments, leukemia occurred in both the fostered 
R.I.L. mice and in their nonfostered descendants, but because of the vary- 
ing number of mice in the generations spreading over several years, a valid 
comparison with the leukemia incidence among nonfostered R.I.L. mice 
was not possible in either experiment. Fostering 1194 mice on R.I.L. 
mothers did not significantly increase the incidence of leukemia among the 
1194’s. Three of the mice in experiment 2 that had mammary tumors 
were also leukemic, indicating no mutual exclusion of the two kinds of 
malignancy. 

Susceptibility to Lung Tumor 


Among the R.I.L., the total incidence of lung tumors was 1.8 percent 
as compared with 10.7 percent in strain 1194, but here again, mortality 
from leukemia and the difference in average age must be taken into con- 
sideration. 

Length of Life 


One of the points brought out by table 7 is that mice of the R.I.L. 
strain did not live as long as those of strain 1194, the average age at 
death among the former usually being about half that in comparable 
1194 groups. The oldest 1194 mouse recorded here lived 158 weeks 
(3 years and 12 days). The difference between strains is not due to 
deaths from leukemia. Mortality curves for negatives are shown in 
text-figure 2. They are based on data for 255 R.I.L. males and 99 females, 
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TEXT-FIGURE 2.—Based on 255 o'o' and 99 ? ? from the R.I.L. strain, and 111 
oo and 104 9? 9 from strain 1194, that had reached 18 weeks of age. The curves 
show the percentage of mice alive at successive age periods thereafter. Mice with 
leukemia or mammary gland tumors have been omitted. 
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and from strain 1194, for 111 males and 104 females (mice with leukemia or 
mammary gland tumors having been excluded). Although the leukemic 
strain as a whole was short-lived, it has already been remarked that 
within the R.I.L. strain, variation in incidence of leukemia in the several 
groups was not closely correlated with length of life. In the studies of 
MacDowell and Richter (10) with the high-leukemia strain C58 and the 
low-leukemia STOLI strain, a relationship between short life and leukemia 
was found in the parental, F;, and first backcross generations. But a 
second backcross showed a segregation of genetic factors that independ- 
ently modified length of life and incidence of leukemia. No crosses have 
been made between the R.I.L. and 1194 strains. 


Summary 


The R.I.L. strain (sometimes referred to as the Rockefeller Institute 
leukemia strain) was derived from a random-bred colony of mice that 
has been traced back to the AK strain of Dr. J. Furth. Inbreeding from 
the colony was begun by Katherine B. Rhoads in the laboratory of 
Dr. C. P. Rhoads, first at the Rockefeller Institute and later at Memorial 
Hospital. A pedigree is presented showing the early history of the strain, 
together with matings for 37 subsequent generations in line B carried out 
by the author. The origins of 5 substrains are indicated. The substrains 
are called AKR in conformity with the recommendations of the Com- 
mittee on Standardized Nomenclature for Inbred Strains of Mice. 

The disease involved is a lymphatic leukemia. During the process of 
brother X sister inbreeding, the incidence of leukemia in non-bred mice 
has not remained constant from year to year; however, throughout the 
years, and in all lines, the females were more susceptible to the disease 
than the males. A statistical analysis showed the male-female differences 
to be relatively constant. The variability in incidence from year to year 
cannot be accounted for by selection among lines, by longevity, by the 
season of the year in which the mice were born, by the age of the mother 
at parturition, or by litter seriation. Possibly intercurrent disease by 
affecting involution of the thymus may influence the occurrence of 
_ leukemia. 

A higher incidence of leukemia in females than in males was shown 
also among mice of line B that have been bred. 

Records for the years 1940 and 1941 show a higher incidence of leukemia, 
in both sexes, among mice that had been bred than among those not bred. 
No data are available for other years. 

No tumors of the mammary gland were observed among 540 bred 
females living 35 weeks or more, but 10 mice with mammary gland 
tumors were found among 30 bred females that were nursed, or descended 
from mice nursed, by a strain 1194 mother that developed a mammary 
tumor. If the 1194 foster mother was one that did not develop a tumor, 
neither virgin nor bred descendants of fostered R.I.L. mice developed 
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mammary tumors. When R.I.L. mice served as foster mothers, the 
mammary tumor incidence among the 1194 mice was greatly reduced. It 
is suggested that the R.I.L. strain is susceptible to a mammary tumor 
agent carried by another strain, but itself either lacks such an agent 
entirely or carries one of low activity. 

R.I.L. mice, negatives as well as leukemics, tend to have a shorter life 
span than do mice of strain 1194, and show a low incidence of lung tumors. 


(1) 


(2) 


(13) 
(14) 
(15) 
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Effects of Combined Chemotherapy on 
Sarcoma 180, With Special Reference 
to Food Intake, Body-Weight Changes, 
and Survival Time”? 


Louis Barvick and Louis H. Goopson,’? Chem- 
istry Research Division, Midwest Research Insti- 
tute, Kansas City, Mo. 


One of the most promising approaches to cancer chemotherapy consists 
of the simultaneous administration of two or more agents that are 
known to influence specific metabolic processes. For example, Skipper 
(1-3) obtained encouraging results with combinations of urethan and 
methyl bis(2-chloroethyl) amine, and also with amethopterin, dl-ethionine, 
and 8-azaguanine. Shapiro and Gellhorn (4) reported enhanced anti- 
tumor action with combinations of 8-azaguanine and 7-methylpteroyl- 
glutamic acid, and also with pteroylglutamic acid pius desoxypyridoxine. 
Law (5) has shown that treatment with amethopterin and 8-azaguanine 
increases the survival of leukemic mice. Other combinations (6—9) have 
been reported to possess anti-tumor action greater than that of the indi- 
vidual agents. Such present-day biochemical concepts as ‘“antimetab- 
olites,” “sequential blocking,” and “simultaneous blocking of alternate 
metabolic pathways” (10, 11) have proved useful in the selection of com- 
pounds for use in new combination therapy experiments. 

In the present investigation, three combinations of anti-tumor agents 
have been administered to mice bearing Sarcoma 180 in an effort to reduce 
the rate of tumor growth and to increase the survival time of the host. 
The compounds selected have been classified as antimetabolites, anti- 
biotics (12), or alkylating agents, and their single and combined effects 
on Sarcoma 180 have been observed. Because Bennette (13) reported 
that amethopterin did not possess any selective action for Sarcoma 180, 
the experiments were designed so that the anti-tumor effect due to star- 
vation and restricted food intake might be compared with that produced 
by the combinations of chemical agents. In this way it was hoped to 
decide whether these combinations possessed selectivity for the tumor 
tissue. Administration of the compounds to non-tumor-bearing mice was 
attempted in an effort to separate the toxic effects of the compounds from 
the toxic effects produced by the tumors. 

! Received for publication April 19, 1954. 
2 This investigation was supported in part by a research grant (C-802) from the National Cancer Institute 


of the National Institutes of Health, Public Health Service, and in part by the Speas Foundation and the Midwest 
Research Institute. 


3 The authors wish to express their thanks to Dr. H. K. B. Allebach for the histologic examination of the slides, 
and to Dr. Raymond G. Stone, Jean Seay, and Martha Ibach for their technical assistance. 
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Materials and Methods 


Strain BALB/c mice, 3 to 4 months of age, were used as tumor hosts. 
Sarcoma 180 was implanted by the usual trocar method into the axillary 
region, with 100 percent ‘takes’ and no regressions. ‘Two-dimensional 
measurements were taken at intervals with calipers. The mice were fed 
Ralston Purina laboratory chow ad libitum, with exception of the starved 
and food-restricted mice. Water was given freely to all mice. The aver- 
age food intake, approximately 3 grams, was determined before tumor 
implantation and recorded daily thereafter. 

The compounds used were as follows: amethopterin (AM)* (14), 
N,N-bis(2-chloroethyl) aniline (ANM) (15), triethylene melamine (TEM)* 
(16), and erythromycin (ER).* Solutions or suspensions in 3-percent 
gelatin were injected intraperitoneally. In the combination experiments, 
individual compounds were injected one after the other. All treatments 
were begun on the third day after tumor implantation, at which time the 
tumors were palpable. 

The drugs were administered at their maximum tolerated dose levels. 
The size and number of doses were adjusted on the basis of toxic mani- 
festations in the mice. Body-weight losses were used as criteria of 
compound and tumor toxicity. This procedure proved to be satisfactory 
in the strain BALB/c mice bearing Sarcoma 180; however, the use of 
body-weight loss as an aid in the selection of dosages in other strains of 
mice may not be practical. In some strains of animals (e.g. strain 
C57BL mice bearing tumor E0771) the gross weight of the tumor plus 
the host shows an increase during the growth of the tumor. 

Histologic examinations were made of tissues at different stages of 
tumor growth. 


Results 


The experimental data are summarized in table 1, with the exception 
of the studies on non-tumor-bearing mice which are shown only in graph 
form (text-figs. 1 and 2). 


Experiment 1: TEM and AM 


Text-figure 3 shows the relative effects on food intake, body weight, 
and tumor size of tumor-bearing mice treated with TEM (triethylene 
melamine) (1 mg./kg.) and AM (amethopterin) (1.5 mg./kg.) given singly 
and in combination (table 1, experiment 1b). Five doses were injected 
on the days indicated in the figure; further injections were contraindicated 
because of toxicity. At higher or lower dose levels the compounds were 
either too toxic or without effect on the tumors (table 1, experiments la 
and Ic). 

TEM (1 mg./kg.), administered alone to tumor-bearing mice, caused 
an immediate loss in body weight which continued until the death of the 


4 We wish to thank Lederle Laboratories for the samples of amethopterin and triethylene melamine. We also 
thank Eli Lilly and Co. for the generous sample of erythromycin. 
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mice. While tumor retardation was dramatic and regressions were noted, 
the shock due to extreme weight loss and/or toxicity of the agent precluded 
further observations. After the 10th day of tumor growth the food in- 
take had returned to the pretreatment level as shown in text-figure 3, 
and a comparison with the TEM-treated, non-tumor-bearing mice 
(text-fig. 1) indicates a similar toxic mechanism in both groups. 
However, the greater sensitivity of the mice with tumors to TEM is 
shown by their greater weight loss and shortened survival time. The 
treated non-tumor-bearing mice recovered completely about 7 days after 
the last injection. 
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TEXtT-FIGURE 1.—The effects on body weight and food intake produced in non- 
tumor-bearing mice by treatment with: O—3 mg. per kg. of amethopterin (AM); 
Ci—1 mg. per kg. of triethylene melamine (TEM); and A—1.5 mg. per kg. of 
amethopterin combined with 1 mg. per kg. of triethylene melamine. 


AM (1.5 mg./kg.) did not inhibit tumor growth and produced only 
insignificant changes in body weight and food intake. Increasing the 
dose level to 3 mg. per kg. gave a significant increase in response of the 
tumor and, in general, the food intake and body-weight changes were 
related to the dosage (see table 1 for comparison of effects produced 
by three levels of AM). 

The combination of TEM and AM in the doses indicated for text-figure 
3 gave unexpected results. Of first importance is the 110-percent increase 
of survival time over that of mice given TEM alone, and 71 percent over 
that of the controls (table 1, experiment 1b). Other combination levels 
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were unsatisfactory. From text-figure 3 it will be seen that the food 
intake returned to a normal average level following a fall in the first 10-day 
period. In this same period the average body-weight loss approximated 
6 grams, and thereafter the animals were maintained at a 15-gram level 
for 17 days. 

The first death was recorded 25 days after implantation, as compared 
with the 13th day for the first death in the control group (see deaths in 
text-fig. 3). The retardation of tumor growth was not observed beyond 


2 ° 0/5 
= 0 0/10 
Ww 4 o/10 


°o 


BODY WT.LOSS 
o wo 





¥ 6 
< 
z ng pore 
2 
S$ 0 
we 

I dll 

TREATMENT 

o * wo F & %F gm ! 


DAYS 


TEXT-FIGURE 2.—The effects on body weight and food intake produced in non- 
tumor-bearing mice by treatment with: O—15 mg. per kg. of N,N-bis(2-chloro- 
ethyl) aniline (ANM); (J)—15 mg. per kg. of N,N-bis(2-chloroethyl) aniline com- 
bined with 3 mg. per kg. of amethopterin (AM); and A—15 mg. per kg. of N,N-bis 
(2-chloroethyl) aniline combined with 75 mg. per kg. of erythromycin (ER). 


the initial 14-day period; by this time the tumors had attained a growth 
rate nearly equal to that of the coatrols. The method by which the 
combination contributed to the increased survival of the mice cannot 
be fully ascertained now. It does appear, however, that AM has reduced 
the toxicity of TEM, since the average survival time after treatment 
with TEM was 14 days, and it was 30 days after treatment with TEM 
plus AM. 

In summarizing the effects of TEM and AM when given singly and in 
combination, it can be stated that they show relative toxic effects in 
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TEXT-FIGURE 3.—Comparison of tumor growth, body-weight loss, food intake, and 
days on which death occurred for mice bearing Sarcoma 180 and receiving treatment 
with: (J—1.5 mg. per kg. of amethopterin (AM); A—1.0 mg. per kg. of triethylene 
melamine (TEM); and @—combinations of these. The controls, ©, received 
injections of 3-percent gelatin solution. The days on which injections were given 
are indicated by the lines above the word “Treatment.” 


tumor-bearing and non-tumor-bearing animals and that the body-weight 
loss and reduced food intake produced by these agents must not be over- 
looked in assessing their merits. However, based on the increased sur- 
vival time (6) and reduced tumor size, a possible synergistic action has 
been demonstrated. 


Experiment 2: ANM and ER 


Text-figure 4 presents the data for the administration of ANM [N,N- 
bis(2-chloroethyl) aniline] (15 mg./kg.) and ER (erythromycin) (75 
mg./kg.), singly and in combination, to animals bearing Sarcoma 180. 
An injection scheme similar to that used in experiment 1 was used, viz., 
4 daily doses starting on the third day after implantation. 


Journal of the National Cancer Institute 








COMBINED CHEMOTHERAPY ON SARCOMA 180 183 


ANM had been used previously by Haddow (private communication) 
in the treatment of leukemia and Hodgkin’s disease with some favorable 
results. In this laboratory it has been consistently effective in retarding 
the growth of Sarcoma 180 (see text-fig. 5) and mammary adenocarcinoma 
E0771 (unpublished data). Our experience has shown the maximum 
effective dose to be about 20 mg. per kg.; although tumor growth is 
greatly retarded, no corresponding increase in survival time has been 
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TEXT-FIGURE 4.—Comparison of tumor growth, body-weight loss, food intake, and 
days on which deaths occurred for mice bearing Sarcoma 180 and receiving treat- 
ment with: A—15 mg. per kg. of N,N-bis(2-chloroethyl) aniline (ANM); [()—75 
mg. per kg. of erythromycin (ER); and @®—combination of these. The controls, 
O, received injections of 3-percent gelatin solution. 


noticed. At a level of 15 mg. per kg. (text-fig. 4) the treated tumors 
had a cross-sectional area 50 percent of that of the controls on the 10th 
day. The effect of this treatment on body weight was drastic and by the 
10th day an average of about 6 grams had been lost. Also, during this 
period the average food intake fell from 3.5 to 0.3 grams per day. 

It is possible that the failure of ANM to produce a larger increase of 
the survival time is not due to its lack of anti-tumor action but to an 
accompanying lowered resistance of the host to infectious processes. 
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It has been reported that the nitrogen mustards cause a reduction of the 
white blood count and damage the bone marrow (17). It has also been 
shown that the administration of antibiotics in conjunction with nitrogen 
mustard (HN,) will aid in the prevention of infection. ER, then, was 
not selected for study on the basis of its anti-tumor action, but rather 
for its anti-infective action. 

ER (75 mg./kg.) when administered alone produced a 27-percent 
increase of survival time compared with the controls. This was, however, 
accompanied by an increase in range of deaths (text-fig. 4). At this 
level ER caused a temporary reduction of food intake and a body-weight 
loss less severe than that observed for the controls. Only a slight retar- 
dation of tumor growth was observed. 

The combination of ANM and ER was effective, giving an average 
survival time of 30.5 days (table 1, experiment 2) with a range of 14 to 
46 days. The survival time was 88 percent greater than that of the 
controls, which is almost twice the sum of the increases produced by the 
individual compounds. Once more survival time is shown to be rela- 
tively independent of body-weight loss produced by the various treat- 
ments employed. Body weight throughout the whole experiment did 
not fall below 15 grams. Following the period of treatment, the food 
intake and body weight remained at a rather even level. Text-figure 2 
shows that similar reductions of food intake and body weight occurred 
in non-tumor-bearing mice. 

These data show many similarities to the results obtained with the 
combination of AM and TEM, described above. In that case, however, 
both of the compounds were active anti-tumor agents. In this case 
enhanced anti-tumor effects have been obtained by combining an anti- 
tumor agent with an antibiotic. 


Experiment 3: AM and ANM 


Text-figure 5 shows the relationship between body weight and tumor 
size when AM (amethopterin) and ANM [N,N-bis(2-chloroethyl) aniline] 
were used singly and in combination. 

AM (3 mg./kg.) and ANM (20 mg./kg.) were given singly for 5 doses 
in the first week and for 4 doses in the second week of tumor growth; 
further injections at these levels were precluded by toxic manifestations. 
The last 4 doses showed little effect on tumor growth and it will be seen 
in the figure that early retardation of the tumor was not as great as 
when AM and ANM were used in combination. 

The combination (AM 3 mg./kg.+ANM 20 mg./kg.) was injected 
for 5 daily doses in the first week. In the second week 1 dose was given 
but, due to the condition of the animals, further treatment was contra- 
indicated. 

Although tumor size was small on the 10th and 19th days (table 1) the 
selectivity of the combination for the tumor was doubtful because of the 
great weight loss, which averaged about 6 grams. Food intake was also 
reduced (not shown in the text-fig.). Comparison of the curves in text- 
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TEext-FIGURE 5.—Comparison of tumor growth, body-weight loss, and deaths in mice 
bearing Sarcoma 180 and receiving multiple injections of: [(J—3 mg. per kg. of 
amethopterin (AM); A—20 mg. per kg. of N,N-bis(2-chloroethyl) aniline (ANM); 
and ®—combination of these. The control animals, O, received 3-percent gelatin 
solution. 





figure 5 shows a close correspondence between body-weight loss and tumor 
retardation. The 6 doses of the combination exerted a cumulative effect 
both on the tumor and on body weight. This is shown by the prolonged 
maintenance of the body weight at the 15-gram level, by an inhibition of 
the tumor growth such that the tumor areas on the 30th day averaged 
only 100 mm.?, and by the complete regression of two of the tumors.® This 
100 mm.’ area is about the same as that produced with the other com- 
binations on the 19th day, and indicates the relative effectiveness of 
combinations of AM and ANM. 


Experiment 4: Food Restriction and Starvation 


Relationships between tumor growth and the nutritional state of the 
host have been reported by a number of investigators (18-21). Since 
chemotherapy is known to change the nutritional state of the host, it 
became necessary to consider its indirect effect upon the tumors. Text- 
figure 6 illustrates an attempt to influence tumor size by such drastic 
measures as total starvation and food restriction (intermittent starvation). 
The body weight was used as an indicator of the nutritional status of the 
animals. For example, if the body-weight loss was continuous, then it was 


‘ Tumors in all animals were palpable by the 7th day after implantation. The tumors that regressed re- 
mained small for approximately 10 days and then disappeared completely. 
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concluded that nutritional status was impaired with respect to one or more 
nutrients. 

The starved mice, with and without tumors, showed similar weight 
decrements which amounted to as much as 30 percent of the original 
body weight. The starvation was begun on the third day of tumor 
growth and was continued until the animals died 5 days later. Measure- 
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AGE OF TUMOR, DAYS 


TExtT-FIGURE 6.—Comparison of tumor growth, body-weight loss, food intake and 
days on which deaths occurred for mice bearing Sarcoma 180 and receiving varying 
amounts of food: Q—ad libitum feeding; A—restricted food intake; ([]—complete 
starvation. In addition, X—body-weight loss for the completely starved non- 
tumor-bearing animals. 


ments were made immediately prior to death of the animals, at which 
time the average tumor size was only one-third that of the control tumors 
of the same age (see text-fig. 6). 

The food-restricted tumor-bearing mice had their food removed for a 
series of 24- to 48-hour periods as shown in text-figure 6. Although large 
fluctuations in body weight occurred as food was given and taken away, the 
tumor continued to grow at a rate approximating that of the controls. 
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Other studies on the effect of undernutrition on tumor growth, using 
paired feeding and iso-caloric intake, are in progress and will be reported 
later. 

Histology 


The animals were sacrificed at various stages and examined grossly and 
microscopically. The gross appearance of organs and tissues of the 
treated mice showed mild to moderate inflammatory reaction. Gas 
formation was occasionally observed in the gastrointestinal tract. Liver 
mottling was infrequent and no significant changes could be observed in 
the other viscera. 

Histologically, the tumors of the treated and untreated mice presented 
nonspecific changes. The number of mitotic figures was slightly reduced 
in the treated mice as compared with the controls. The most common 
findings were marked hydropic degeneration and fatty changes. The 
cells were swollen and many of them showed marked distortion; some 
were undergoing pyknosis. Liver and adrenal changes were nonspecific; 
both showed congestion at times. Hydropic degeneration and increasing 
parenchymatous compactness occurred late in the course of tumor growth 
regardless of treatment. Other tissues, such as intestine and testis, 
were negative. Single and combination treatments did not differ in their 
effects. 

Discussion 


It is evident from the results presented that TEM, AM, ER, and ANM, 
when given singly at the dose levels used, were quite toxic as manifested by 
body-weight loss and reduction of food intake. Selectivity for the tumor 
(Sarcoma 180) could not be separated from the effects on the host. The 
approximately 20-percent loss in body weight was accompanied by some 
tumor retardation at 10 days; this indicates that the toxic state induced 
in the animal continued to show its effects on the tumor size. The 
continued growth of the tumors as shown by the data (table 1) for the 
19th day indicates a recovery of the metabolic processes concerned with 
growth. 

The combinations, TEM+AM, ANM-+ER, and AM+ANM, were 
effective in increasing the survival time. This occurred in spite of a 25- 
percent loss in body weight at 10 days. The new body-weight level of 
15 to 16 grams was maintained for another 10-day period; and the food 
intake increased slightly. The body-weight loss could not be correlated 
with survival time. AM-+ANM was the most effective combination on 
the basis of survival time and tumor size. ANM-+ER gave the longest 
survival time. 

The experiments with food-restricted and starved mice, used to dis- 
tinguish toxic effects of the chemical agents on the tumor from effects on 
the nutritional state of the animals, were not conclusive. However, two 
important observations were made: 1) the food-restricted mice, under the 
conditions of the experiment, showed wide fluctuations of body weight 
when food was removed and returned. Tumor size did not fluctuate nor 
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was there any significant inhibition. The body weight was at a higher 
level in the late stages of tumor growth, indicating a larger consumption 
of food between the rest periods. In view of this it can be said that 
temporary total restriction of food has little effect on tumor growth be- 
cause the body stores, built up during the intake, were sufficient for the 
animal and the tumor. 2) The starved mice, on the other hand, received 
no food for 5 days. In this period, the tumors of the mice under these 
conditions showed retardation, and on the 8th day the tumor size was 
similar to those in the mice undergoing treatment. The depletion of the 
tumor was probably coincident with the depletion of the animals. 


Conclusions 


Each of three combinations of anti-tumor agents consisting of TEM+ 
AM, ANM-+ER, and ANM+AM have reduced tumor growth and in- 
creased the survival time of mice bearing Sarcoma 180. However, these 
desirable results have been accompanied by undesirable side effects, 
especially reduced food intake and extreme body-weight loss. 

The toxic effects produced by the alkylating agents, ANM and TEM, 
were markedly reduced by the administration of either ER or AM. 

Although extreme reduction of food intake with consequent body-weight 
loss may cause retardation of early implants, this effect alone cannot 
account for the continued inhibition of tumor growth produced by the 
combination therapy. 


The evidence presented indicates that these combinations do not inhibit 


tumor growth solely by toxicity to the host, but rather by toxicity to 
both the tumors and the host. 
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A Comparison Between Heterozygous 
and Homozygous Skin Homografts ! 


RicuMonpD T. Prexn and Joan M. Matn,? Na- 
tional Cancer Institute,’ Bethesda, Md. 


Since the development of inbred mice, the basic principles of the genetics 
of tissue transplantation have become well established and have been 
thoroughly reviewed (1). The principal conclusions, often referred to as 
the basic genetic laws of tissue transplantation, can be summarized briefly 
as follows: Genetically determined influences on the fate of homografts are 
dependent upon certain dominant genes called “histocompatibility 
genes” (2). Grafts tend to be successful if the recipient contains at least 
all of the histocompatibility genes present in the donor. Conversely, a 
graft meets a varying amount of genetically based resistance if the graft 
contains histocompatibility genes not present in the recipient. 

According to these laws, grafts from either parent strain to the F, 
hybrid will be successful (under conditions in which an autograft would 
survive). However, grafts from the F, hybrid to either parent strain, or 
between the parent strains, will meet a degree of resistance dependent 
upon the histocompatibility genes present in the donor tissue but lacking 
in the recipient. Although these principles were elucidated largely 
through work with tumor homografts, they apparently apply also to 
grafts of normal tissues (3, 4). 

In this laboratory, previous work has shown that skin, like other tissues, 
follows these same basic rules. Specifically, skin grafts from either parent 
inbred strain to the F, hybrid were, as would be expected, very successful 
(5). Grafts in the other direction, i.e. from the F, hybrid to the parent, 
strain or between the parent strains, were inevitable failures. The purpose 
of this paper is to present a study of the effect on skin-graft survival 
of histocompatibility genes, present in the donor but absent in the re- 
cipient, when those genes were in the heterozygous as compared with the 
homozygous state. 


Materials and Methods 


Three experiments were performed employing genetically different 
systems. In the first a comparison was made of the survival of strain 


1 Received for publication April 21, 1954. 
2 With the technical assistance of Mr. Earl Waters. 
* National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 
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BALB/c and (BALB/c < DBA/2)F; hybrid skin grafts transplanted to 
strain DBA/2 mice. 

In the second, a comparison was made of the growth of strain DBA/2 
and (BALB/c X DBA/2)F, hybrid grafts in strain BALB/c. 

In the third, the comparison was made between strain C3H and 
(BALB/c < C3H)F, hybrid skin grafts transplanted to strain BALB/c 
animals. 

The actual technique used in grafting has been described in a previous 
publication (6). The full-thickness grafts were of an approximately 
uniform size of 5 X 3 cm. applied to the mid-dorsum. The donors and 
the recipients were male mice ranging from 3 to 6 months of age. Only 
one graft was applied to each recipient. Survival of the grafts was 
measured as the interval in days from transplantation to absolute and 
complete sloughing. This was usually a sharp, well defined endpoint. 
Exceptions will be dealt with in the following section. 


Results 


The data are presented in text-figure 1. In the case of the (BALB/c X 
DBA/2)F, hybrid and strain BALB/c grafts to strain DBA/2 recipients, 
the heterozygous F, hybrid grafts survived much longer than did the 
homozygous strain BALB/c grafts (P<.01). 

In the other two experiments there was no significant difference between 
the survival of the heterozygous F, and of the homozygous strain grafts. 
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DURATION OF EXPERIMENTS IN DAYS 


TEXT-FIGURE 1.—The time of sloughing of skin grafts in various genic systems. 
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It is interesting to note the striking difference between the (BALB/c 
< DBA/2)F; grafts transplanted to BALB/c and to DBA/2 recipients, 
respectively, in experiments 1 and 2 (P<.01). 

There was some difficulty in determining accurately the time of sloughing 
of the (BALB/c * DBA/2)F, grafts transplanted to DBA/2 animals. In 
contrast to the grafts of the other series, these grafts often exhibited a 
slow, spotty necrosis. In the case of four animals there was apparently 
some permanent survival as judged by the persistence of transplanted 
hair. These grafts were still persisting 200 days after grafting. The 
slow, spotty necrosis consituted a major difference between the grafts of 
this series and those of any genetically different system we have yet en- 
countered. However, in recording the data of this series, a graft was 
recorded as having sloughed if there was the least doubt of the persistence 
of graft tissues. Therefore, it is quite probable that a number of those 
(BALB/c X DBA/2)F;, grafts in the DBA/2 recipients that were recorded 
as having sloughed, may actually in some small part have survived for 
much longer periods or even indefinitely. 

In the other series the endpoint of complete sloughing was usually very 
definite, the major part of the graft sloughing at one time as a single 
dried and shrunken unit. It was not recorded as having sloughed until all 
attachments to the host were broken, even though it was evident that 
death of the graft had already occurred. Sloughing usually left a raw 
unepithelized central area which was gradually covered by host tissues. 


Discussion 


In the first experiment, the “‘foreignness’’ of strain BALB/c was diluted 
in the heterozygous (BALB/c X DBA)F; hybrid so that less resistance to 
the graft was encountered. This would indicate that at least some 
histocompatibility genes can manifest a greater effect in the homozygous 
than in the heterozygous state. A similar ‘dosage effect’? has been 
demonstrated in connection with a number of blood-group antigens (7). 

In the first two experiments, both donor and recipient animals contained 
the same allele at the very important H-2 locus; while in the third experi- 
ment, the donor and recipient mice carried different H-2 alleles (2). 
Thus, the H-2 locus per se did not determine the results obtained. 

A possible explanation of the differences in the results of the three 
experiments might be that if the genes involved were sufficiently strong, 
the antigenicity in the heterozygous F;, state might have remained sufficient 
to induce a maximal resistance response and mask the effects of gene 


dilution. 
Summary 


Data have been presented showing that heterozygous (BALB/c X 
DBA/2)F, mouse skin grafts survive longer upon transplantation to strain 
DBA/2 recipients than do homozygous strain BALB/c grafts. This result 
implies that a dilution of effective antigen in at least some types of hetero- 
zygous hybrid grafts can occur. A similar hybrid dilution effect was not 
noted in two other genetically different systems that were investigated. 
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A Note on Evidence Relating to the 
Incidence of Primary Liver Cancer 
Among the Bantu!?:? 


ALEXANDER G. GituiaMm, M. D., National Cancer 
Institute, Bethesda, Md. 


Berman (1) has analyzed cancer material drawn from the native 
hospitals of the Witwatersrand Gold Mines. During 9 years, 1925-1933, 
he found 253 cases of carcinoma among the Bantu laborers of the mines, 
and 229 of these (90.5 percent) were primary liver cancers. Since a high 
proportion of the cases were autopsied, his series is essentially an autopsy 
series. Kennaway (2) states that 1.1 percent of cancer autopsies among 
white persons in Western Europe are primary cancers of the liver. On the 
basis of evidence derived from comparisons of series of this type it has 
been generally accepted as fact that Bantus suffer an extraordinarily 
higher incidence of this cancer than do Western Europeans and American 
Negroes. It is the purpose of this note to illustrate how this type of 
comparison at worst may lead to considerable distortion of fact, and at 
its best obscure other facts of equal if not greater interest. 

It is an almost universal, but nonetheless unfortunate practice in the 
literature of pathology and clinical medicine to label as “incidence” data 
which do not represent it and may not even reflect it. Such practice 
would involve only a question of semantics, if conclusions were not drawn 
that would be valid only if the data represented incidence in fact. The 
proportion that cancer at one site is to the total at all sites, whether in 
autopsy or case history series, is not incidence, but merely a percentage; 
or, if a more general term is desired, a relative frequency. Incidence is 
a rate of occurrence, and is a measure of the probability that one of a 
group will develop or die of a disease in a period of time. Its computation 
requires knowledge of all cases or deaths—or a representative sample— 
occurring in a specified period of time in a population of known composi- 
tion. With rare exceptions, autopsy data represent only a sample of a 
sample of an unknown number of cases in a population of unknown 
composition. No one has yet devised a practical, uniform and economical 
way to compute incidence, or reliable estimates of risk, from data such 
as that. 


1 Received for publication April 23, 1954. 
2 These considerations were outlined at the Gordon Cancer Conference in August 1951. 
3 National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 


195 
Journal of the National Cancer Institute, Vol. 15, No. 1, August 1954 








196 GILLIAM 


Berman’s material, however, is of especial interest and importance 
because it is purported to represent autopsies on a large sample of all of 
those dying in a closed population, and because certain characteristics of 
the population are known. If this is true, then all that can be said of 
the fact that 90 percent of Bantu cancer is primary cancer of the liver is 
that in this population this cancer is extraordinarily excessive as compared 
with other cancers in the same Bantu population. The mere percentage 
provides no basis at all for determining whether the Bantu risk to liver 
cancer is greater or less than experienced by Western Europeans, even 
though only 1 percent of cancer in the latter, as determined by autopsy, 
is actually at that site. If the autopsies do not represent autopsies on 
all deaths, or on an unbiased sample of deaths, then they do not even 
reflect relative risk within this particular Bantu population. All that 
can be said with certainty from a comparison of percentages of this kind 
from two series is that some such result might be expected if the risk 
were actually greater in one group than another. In this sense relative 
frequencies derived from most autopsy data or case series should be 
looked upon as providing evidence comparable to the clinical impression 
rather than constituting established fact. 

Since Berman gives some of the basic data necessary for estimating 
risk, it might be useful to compare such risk with that of American 
Negroes. This obviously cannot be done adequately because similarly 
representative autopsy data are unavailable for an American Negro 
population of known composition. Recourse is therefore had to the 
mortality statistics for deaths attributed (on death certificates) to cancer 
of the liver and biliary passages. These data are used with the same 
reluctance as exhibited by Kennaway (2) and for the same obvious reason 
that clinical diagnoses of primary liver cancer may be grossly misleading. 
The comparisons made, however, which are additional to those made by 
Kennaway with similar data, should serve as an illustration of the logical 
danger inherent in drawing conclusions of fact from relative-frequency 
data. 

The male Bantu mine population from which the 253 cancers were 
drawn averaged about 200,000 in number and was said to be between 28 
and 45 years of age.* Since the autopsies are supposed to represent a high 
proportion of all deaths in an average of 200,000 people, it is possible to 
compute crude mortality rates. These rates are compared in table 1 with 
crude mortality rates for cancer of the liver and biliary passages among 
American Negro males.® 

This table is not intended to imply that it is valid to compare cancer of 
the liver and biliary passages, as recorded on death certificates, with 
primary cancer of the liver as found at autopsy. In spite of the basic in- 

4 Attention should be called in passing to the reliability of estimates of ages of native Africans. Some would say 
that the only accurate estimate of age possible would be a division into those pre-and those post-puberty. Ber- 
man’s statement of age, moreover, is apparently not consistent with his table 1 which lists more than 9 of the 144 
cases of “known” age as being older than 45 years, and the oldest is said to be between 61 and 70 years of age. 

5 All rates for cancer of the liver and biliary passages are taken from Gover’s (3) Appendix Table A. They 
represent death rates for American Negro males in the northern United States, 1930-1932. This is not the mid- 


year of Berman’s data but this is of little importance since there was little fluctuation in these rates during that 
period. 
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TABLE 1.—Annual crude mortality rates per 100,000 population 





Cancer of the 
liver and bili- | Other cancer| All cancer 
ary passages 








en ee eae eee ee ae EN 12.7 1.3 14.0 
American Negro (1930-32)............. 3.0 61.5 64.5 
Ratio: i 4.2 0.02 0.22 


American Negro 














comparability of autopsy and death-certificate data, however, the table 
does show that the 90 to 1 ratio (relative frequency of primary cancer 
of the liver in Bantus as opposed to Western Europeans) is less influ- 
enced by a real excess in cancer of the liver than it is by an extraordi- 
nary deficit in other cancer. If cancer of the liver, on the basis of this 
crude comparison, is as much as 4 times excessive in the Bantu, then it 
must follow that other forms of cancer are only one-fiftieth as prevalent 
among them. This kind of result is entirely independent of the in- 
comparability of autopsy and death-certificate data. 

If the figure cited by Kennaway (2) as the proportion of primary 
cancer of the liver to all cancer in Western Europeans (1 percent) is the 
correct figure for American Negroes, then the crude rates of table 1 would 
be as given in table 2. 


TABLE 2.—Annual crude mortality per 100,000 if only 1 percent of all cancer recorded 
on death certificates in American Negroes were really primary in the liver 











Primary 
cancer of — All cancer 
the liver 
NN inca acd wreceree, ise ioc eae eae 12,7 1.3 14.0 
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These considerations therefore show that even if it were true that 
Bantus suffer a greater risk to this cancer than American Negroes, this 
excess is not nearly so impressive as the extraordinary deficit in other 
cancers. Epidemiological interest is as concerned with deficits as it is 
with excessive risk. 

Let us now turn to the influence of age on relative frequencies. Since 
Berman says the employees were aged 28 to 45 but does not give the 
number in each smaller age group, it is necessary to make assumptions 
regarding their exact age distribution. Two assumptions are made in 
order to illustrate how markedly results are altered by differences in age 
composition of the populations at risk. In Estimate A, American age- 
specific rates are applied to a population of 200,000, aged 25 to 44, which 
is distributed by age in the same proportion as were American nonwhite 


Vol. 15, No. 1, August 1954 








198 GILLIAM 


males (aged 25-44) in 1930. In Estimate B the same procedure is 
followed except that the population is assumed to be older, namely, from 
25 to 54. The results of table 3 thus give the deaths from cancer of the 
liver and biliary passages in the Bantu that would be expected if the 
200,000 had these age compositions and were subject to American Negro 
mortality experience. 

It is observed in Estimate A, which is the closest of the two estimates 
made to Berman’s opinion of the correct age composition, that risk to 
cancer of the liver is about 6 times that expected, while risk to other 
forms of cancer is about one-twentieth. If those at risk are older, and 
distributed by age as in Estimate B, then the Bantu risk to liver cancer 
is halved, now being about 3 times the expected, and the deficit in other 
forms is by necessity about doubled, now being one-thirtieth the expected. 

The security of any conclusion, from the data of Berman here cited, 
that Bantus are in fact at greater risk to primary cancer of the liver than 


TABLE 3.—Estimated expected mortality from cancer among the Bantu miner population 
based on 2 assumptions regarding its age composition; and mortality as observed 
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| _ARENSEN Pee eereeeee ter eee 2.7 . 03 - 24 














*See text for basis of estimates. 


American Negroes, is thus dependent upon whether this series is genuinely 
representative of deaths in the Bantu mine population; whether its age 
composition is anywhere near what it is believed to be; and the true 
incidence among American Negroes. Only those in position to make 
local and critical appraisal of these factors can estimate the sturdiness 
of these reeds upon which reliance must be placed. 

No matter how the data are viewed, however, two conclusions are 
evident. If Bantus are in fact at greater risk to primary cancer of the 
liver than American Negroes, then the 90 to 1 ratio that is assumed from 
these relative frequency data is a gross exaggeration. In addition, if 
risk to this cancer is excessive in the Bantu, it is clear that the relative 
frequency comparison obscures a deficit of other cancer which if not of 
greater, is certainly of equal epidemiological interest. 

The desirability of developing a simple and practical way of utilizing 
autopsy data to make adequate comparisons of risk (incidence), between 
groups of people living under different circumstances and under varying 
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levels of medical care in different parts of the world, has been discussed 
elsewhere (4). 


Summary 


Attention has been called to the difference between relative frequency 
and incidence and to the common practice of drawing firm conclusions of 
incidence (risk) through comparison of relative-frequency data from 
clinical and autopsy series. 

Because of the excellent detail provided by Berman, and the character 
of his data, it was possible to use his study of primary cancer of the liver 
in the Bantu to illustrate some of the dangers inherent in this practice. 
The difficulties to which attention was called were recognized by Berman, 
who demonstrated an excess of liver cancer among the Bantu mine 
employees. The excess, however, is not nearly so great as implied by the 
relative-frequency comparisons, and such comparisons in addition obscure 
a greater deficit of other cancer in the Bantu. 

It is contended that evidence derived through relative-frequency 
comparisons should be regarded more as clinical impression than as 
established fact. 
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The Risk of Developing Lung Cancer 
and Its Relationship to Smoking ' 


Sipney J. Cutter and Donatp B. Lovetanp, 
Biometry Section, National Cancer Institute,? 
Bethesda, Md. 


In a series of recent clinical studies a statistical association has been 
shown between tobacco smoking and cancer of the lung (1-10). The 
smoking habits of patients with cancer of the lung have been compared with 
the smoking habits of other patients, assumed to be representative of the 
general population from which the lung-cancer patients were drawn. In 
each study, there was a smaller percentage of nonsmokers and a higher 
percentage of heavy smokers among the lung-cancer patients, than among 
the control patients. 

In the light of the reported results, it is appropriate to ask: What is 
the lifetime risk of developing lung cancer for smokers and for non- 
smokers? For example, if the risk of developing lung cancer is 1 in 100,000 
for nonsmokers and 1 in 10,000 for smokers, the issue may be regarded as 
rather trivial. On the other hand, the issue would be considered much 
more serious if the respective risks were 1 in 100 and 1 in 10. 


The Risk of Developing Cancer of the Lung 


Before attempting to evaluate the extent to which the risk of developing 
lung cancer differs for smokers and nonsmokers, it is necessary to establish 
as a base the risk of developing lung cancer for any person in general— 
disregarding his smoking habits. Since the rate of incidence of lung cancer 
is highest in white males and since the various clinical studies have dealt 
primarily with white males, we will limit our discussion to this segment of 
the population. 

The probability of developing cancer between two specified ages may 
be found by using conventional life-table methods, and depends on the 
interplay of two forces—the incidence rates of cancer at different ages, and 
the probability of dying at different ages. The life tables for the United 
States reflect the probability of dying at different ages. Using life-table 
techniques, the incidence rates of cancer observed in 10 urban areas of the 
United States in 1947 (11), and the 1950 United States life table, Cutler and 
Haenszel (12) estimated that 1 of every 4 persons who are now less than 45 

1 Received for publication April 2, 1954. 

? National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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years old may be expected to develop some form of cancer before reaching 
age 75. 

The choice of an appropriate life table for computing the probability of 
developing lung cancer presents no particular problems, and the latest 
available table for white males (1950) was used here (1/3). In using this 
life table it is assumed that the age-specific mortality rates observed in 
1950 are applicable to a cohort of white males alive in 1950. It is pos- 
sible to build up a life table which takes into account observed (past) 
and projected (future) changes in age-specific mortality rates. However, 
for ages over 40, and very little lung cancer occurs before age 40, there is 
very little difference between the “generation” life table and the 1-year 
life table of 1950. 

A measure of trend, if one exists, is given by the change in average 
remaining years of life since 1900, for white males. The tabulation below 
shows the magnitude of these changes (13). 


Average remaining years of life 





Age 1950 1940 1930 1920 1900 
aa bates aeons 66. 6 62. 8 59. 1 56. 3 48. 2 
ee eae 40. 5 38. 8 37. 5 37. 7 34. 9 
ienieares wane 31. 4 30. 0 29. 2 29. 9 27.7 
are 23. 0 22. 0 21.5 22. 2 20. 8 
Di eowmwes eek 15. 9 15. 1 14.7 15. 3 14.4 
Ser ore 10. 3 9.4 9. 2 9. 5 9. 0 


It is evident that although life expectancy at birth has changed materially 
since 1900, it has changed little for persons of middle and old age. It is 
obvious then, that for adults, the 1950 life table is a satisfactory measure 
of the risk of dying during each age interval. 

To compute the probability of developing lung cancer, we have to select 
a set of age-specific incidence rates that we reasonably can assume will 
characterize the future experience of a cohort of living persons. If the 
rate of incidence for a disease has been stable for a long time, the age- 
specific rates for successive cohorts will be similar and will coincide with 
the rates observed during a single calendar year. Under these conditions, 
the age-specific rates observed during a current year may be used as esti- 
mates of the rates in future years. 

These conditions do not apply to the rate of incidence of lung cancer. 
The reported incidence of lung cancer has been increasing rapidly during 
the last four decades and is likely to continue increasing for another 
few decades.* Consequently, if we were to use the age-specific rates 
for a recent calendar year, in computing the probability of developing 
cancer of the lung from a current age to a future age, we would under- 
state the risk. It is therefore desirable to project the trend of the age- 
specific incidence rates for lung cancer. 


3 Although some investigators have suggested that the reported increase in lung-cancer mortality is due to 
improved diagnostic procedures, the consensus is that the major portion of the reported increase is real (14-17). 
A continued increase in lung-cancer mortality has been forecast by Clemmesen (16) and Korteweg (18). 
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Available information on the trend in lung-cancer incidence rates 
covers too short a period to permit projection into the future. However, 
available data on mortality from lung cancer cover a 36-year period and 
may be used as a basis for projection. Incidence rates can then be 
estimated from the death rates. 

The death rates from cancer of the lung for white males, by age, for 
the years 1914, 1930, 1940, and 1950 are shown in text-figure 1. This 
graph follows the convention of connecting the points representing the 
age-specific rates observed in each calendar year. The same set of points 
may be connected in another fashion. Persons born in 1900 were 30 years 
old in 1930, 40 in 1940, and 50 in 1950. Consequently, we can follow 
the trend of the age-specific rates for the cohort of persons born in 1900 
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TEXT-FIGURE 1.—Death rates from cancer of the lung, by age: white males, United 
States, 1914, 1930, 1940, and 1950. 


by taking the rates for age-group 25 to 34 in 1930, age-group 35 to 44 in 
1940, and age-group 45 to 54 in 1950. The trend of death rates from 
cancer of the lung for cohorts 1840 through 1930 can be established in 
a similar fashion.‘ 

The age-specific death rates from cancer of the lung for cohorts 1840 
through 1930 are shown in text-figure 2. The death rates were plotted 
on a semilogarithmic scale because the relative increase from one age to 
the next is of primary interest. In general, it appears that the relative 
increase has been decreasing in successive cohorts. This is apparent 
from the fact that the vertical distance between the curves for successive 
cohorts decreases. The death rates for cohorts 1880 through 1910 were 


4 Cohort analysis of lung-cancer-mortality trends has been used by Korteweg (18), Clemmesen (16), and 
Dorn (19). 
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projected to age 80 on the assumption that the decreasing rate of increase 
would continue.® 

The cancer surveys conducted in 1947 by the National Cancer Institute 
in 10 urban areas yielded data on the rate of mortality, as well as on the 
rate of cancer incidence (11). The ratio of lung-cancer incidence to 
lung-cancer mortality, in white males, was computed for each age group. 
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TEextT-FIGURE 2.—Death rates from cancer of the lung for cohorts 1840-1930: white 
males, United States. 


These ratios were used in estimating age-specific incidence rates from the 
cohort death rates. For example, the ratio of lung-cancer incidence to 
reported mortality among white males 60 to 69 years of age was 1.4. 
The projected death rate for cohort 1910 for ages 60 to 69 was 169 per 
100,000 population. The estimated incidence rate is 237 (169 X 1.4). 

* Consider a series of rates denoted by ai, bi, ¢:, etc., in which a (the earliest), 6, and ¢ identify successive cohorts 
and the subscript denotes the age group. The values of a;, ai+1, 0:, bi1, and c; are known. We wish to obtain a 


projected value for ci+#:. We have observed that when plotted on a semilogarithmic scale, at each age the vertical 
distances between successive cohorts decrease. This concept is incorporated in the formula: 


| io ¢;—); b;-4,; 
oii 14 (“=e ) (=) =] 
Ci+1 wl Ge b; a; 


Other investigators have not assumed a decreasing rate of increase and have forecast rates higher than ours. 

The rates for cohorts 1920 and 1930 were not projected due to insufficient data. 

No projection was made beyond age 80, because the observed rates for persons over 80 were based on small 
numbers of deaths and were not sufficiently stable for estimating future rates for this age group. 
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In text-figure 3, comparison is made of the incidence rates of lung 
cancer in white males observed in 10 urban areas in 1937 and in 1947 and 
the estimated rates for the cohort of 1910.6 The rates observed in 1947 
and the estimated rates for cohort 1910 are about the same to age 55. 
From age 55, the rates for cohort 1910 increase much more rapidly with 
age. Atage 75, the projected rate for cohort 1910 is more than twice the 
rate observed in 1947. It is evident that the selection of a set of age- 
specific rates can materially affect the estimation of the risk of developing 
lung cancer, for persons now living. 

The discussion that follows is based on computations employing esti- 
mated age-specific incidence rates for a cohort of white males born in 
1910. The estimates of the risk of developing lung cancer for this cohort 
should, with little error, be applicable to white males born between 1900 
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TEXT-FIGURE 3.—Incidence rates of cancer of the lung observed in 1937 and 1947, 
compared with rates for cohort 1910: white males, United States. 


and 1920. Thus, these estimates are acceptable for white men who in 1950 
were between 30 and 50 years old. 

From these data we estimate that 43 of every 1,000 white males born in 
1910, and now alive, may be expected to develop cancer of the lung by 
age 80. Similarly, 27 in 1,000 may be expected to develop cancer of the 
lung by age 70, and 11 in 1,000 by age 60. The method for computing 
these probabilities is illustrated in table 1. By applying the estimated 
age-specific incidence rates for cohort 1910 (r,) to the appropriate values 
in the 1950 life table (:Z,), we find that a total of 3,957 cases of lung 
cancer may be expected to develop by age 80, among 91,295 persons alive 
at age 40. This is equivalent to 43 per 1,000. 


Comparison of Risks for Smokers and Nonsmokers 


To compute the probability of developing lung cancer between two 
specified ages, for smokers and for nonsmokers, it is necessary to partition 
the population incidence rates into rates for various classes of smokers. 


* The rates for cohort 1910 are given in table 1, in the column labeled rs. 
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Tas_e 1.—Expected number of cases of lung cancer in a cohort of white males born in 1910* 











| = Cumulative 
Number alive! Person years | _ pene in | him ate | cases in this 
Age interval at beginning | of life ane per 100 a | aust — all 
of interval | interv - | subsequent 
| | population | interval iatenwaie 
ztoz+10 | ‘., Lz | Ts Nez | Cum. nz 
| | | 
30-40 93, 572 925,732 | 3. 6 33 | 3,990 
40-50 91, 295 889,491 | 24. 5 218 | 3, 957 
50-60 85, 796 803, 610 | 97. 7 785 | 3, 739 
60-70 73, 501 635, 533 236. 3 | 1, 502 | 2,954 
70-80 52, 178 385, 688 376. 4 |; 1, 452 | 1,452 





*Note: 1) Values for/s and Zs from Abridged Life Table for White Males, United States, 1950; National Office 
of Vital Statistics, 1953 (13). 
2) Values for rs are estimated age-specific incidence rates for cohort 1910. 


Cornfield has developed a technique for doing this by utilizing the inci- 
dence rates for the general population (as used in the preceding section) 
in conjunction with information obtained from clinical studies on the 
smoking habits of patients with lung cancer and comparable controls.’ 
The relative risk for each smoking class (ratio to the risk for nonsmokers) 
is derived from the proportion of persons in each class among patients 
with lung cancer and among the controls. The data on the controls are 
used as estimates of the smoking characteristics of the general population 
from which the lung-cancer patients came.® 

The Cornfield technique was applied to the data reported in three recent 
clinical studies, which included large numbers of cases: 


Number of cases 





Lung 
Authors cancer Controls 
Sadowsky, Gilliam, and Cornfield (2)....................... 472 592 
II CO iioic edi eac eS saver begeseesieorees ey 605 780 
De amd Te CO)... 2 oe ecccens eee ee ee i 1357 1357 


The estimated lung-cancer incidence rates for smokers and nonsmokers 
were then applied to the 1950 life table for white males. The resultant 
estimates of the risk of developing lung cancer between two specified ages 
are shown in table 2. The three studies yield comparable estimates for 
smokers: out of 1,000 white male smokers 40 years of age, approximately 
48 may be expected to develop lung cancer by age 80, 30 by age 70, and 12 
by age 60. The three estimates of the number of cases of lung cancer to 
be expected among nonsmokers are materially smaller than for smokers. 
However, the estimates for nonsmokers differ. For example, the data of 
Sadowsky, Gilliam, and Cornfield yielded an estimate of 10 cases, by age 


1 This is an extension of a technique given by Cornfield in 1951 (20). See section on Methodology. 

§ Theoretically, the cancer and the control groups should be combined with appropriate weights. In practice, 
the proportion of the total population with lung cancer is very small and the contro] group may be considered 
a sample of the total population. If data on the smoking habits of the general population are available, they 
should be substituted for the data on the controls in a clinica! study. 
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80, in a cohort of 1,000 nonsmokers, whereas the data of Wynder and 
Graham yielded an estimate of only 3. 

The similarity of the risk estimates for smokers contrasted with the 
differences in the estimates for nonsmokers is due in part to sampling 
variation and in part to difference in the definition of a “smoker.” The 
estimates are based on comparisons of the proportions of smokers and 
nonsmokers in patients with cancer of the lung and patients with other 
diseases, which were used as controls. Small differences in these propor- 
tions from one study to another affect the risk estimates for nonsmokers 
to a much greater extent than for smokers. It is evident that clinical 
studies, of the type considered here, yield fairly stable estimates of the 
risk of developing lung cancer for smokers. They yield less stable esti- 
mates of the relative risk. However, all of the clinical studies reported 
to date indicate that the risk is materially greater for smokers than for 
nonsmokers. 


TaBLe 2.—Cases of lung cancer expected to develop per 1,000 smokers and 1,000 non- 
smokers; white males 40 years of age 





By age 80 By age 70 By age 60 




















Source of data | 
Smokers B.A Smokers | PR Smokers ae 
Sadowsky, Gilliam, and 
EY bd avev avers 48 10 30 | 7 12 4 
Wynder and Graham...... 50 3 32 2 13 1 
Doll and Hill............. 45 5 29 3 mu | 1 











In order to measure the relationship between the amount of smoking 
reported and the risk of developing lung cancer, smokers were grouped into 
three classes according to the daily average equivalent number of cigarettes 
smoked: 1) Half pack or less; 2) more than a half pack, up to and 
including one pack; and 3) more than one pack. The three studies con- 
sidered here agree as to the general relationship between the amount of 
smoking and the probability of developing lung cancer (table 3). The 
risk of developing lung cancer is about three times as great for men smoking 
more than a pack of cigarettes a day than for those smoking a half pack 
or less. Out of 1,000 white men smoking more than a pack a day, approxi- 
mately 80 may be expected to develop lung cancer by age 80, 53 by age 70, 
and 23 by age 60. 


* Ratio of the risk for smokers to the risk for nonsmokers. 

%® These definitions are ours and approximate the variety of smoking classes reported by the different investi- 
gators. In each of the studies, cigars and pipes were converted to equivalent number of cigarettes. It would be 
desirable to make estimates for “pure cigarette smokers,” since available evidence indicates that cigar and pipe 
smoking is not equivalent to cigarette smoking. The published data, however, do not provide the necessary 
information. 
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TABLE 3.—Cases of lung cancer expected to develop per 1,000 men in each smoking class; 
white males 40 years of age 





























By age 
Source of data Smoking class* 

80 70 60 
Sadowsky, Gilliam, and | % pack or less........... 22 14 6 
Cornfield. a See ee 46 28 10 
more than 1 pack........ 65 42 17 
Wynder and Graham....... % pack or less........... 19 12 4 
ee 52 31 10 
more than 1 pack........ 90 61 30 
Se SNE SS oes ne cma ees ¥% pack or less........... 34 21 9 
RR en 48 30 12 
more than 1 pack........ 86 55 22 





*See text footnote 10. 


Summary 


In a series of recent clinical studies a statistical association has been 
shown between tobacco smoking and lung cancer. In the light of the 
reported results, it is appropriate to ask: What is the risk of developing 
lung cancer for smokers and for nonsmokers? 

Data reported in three recent investigations were used in estimating 
the risk of developing lung cancer. These estimates are summarized 
below: 


Cases of lung cancer expected to develop per 1,000 white males 40 years of age 





By age Byage By age 
80 70 60 


Smoking class 
ia a sie a Man Wa eee eM ata ke a eee 6 4 2 
MINN och ou. ia 5 giles are ials aw nlhawas anda lath aecba 25 16 6 
EA ne ey eee 49 30 11 
ee MN I 5 5 as cln's esd dnt lan ee bia nie ee wa diweeies 80 53 23 
CG vas 4a eo wk was soma eakueanesauae eens 43 27 11 


These figures provide an index of the risk of developing lung cancer, for 
all persons, for nonsmokers, and for three classes of smokers. 


‘ 


Methodology 


In order to account for various classes of smokers, the method originally 
proposed by Cornfield (20) is extended in the following manner.” 

Consider a single age group at a particular time. Denote by p, the 
proportion of smokers among patients with cancer of the lung, by p, the 
proportion of smokers among the controls, and by r the proportion of the 
general population that develops lung cancer during a year.” The pro- 
portions in each smoking class are denoted by pu, Pi, .... Pin, and by 
Pa, Pr, ---+ Don- 


11 The authors wish to acknowledge the assistance of Mr. Cornfield in developing this extension of his method. 
12 As originally proposed by Cornfield, r represented the proportion of the general population with lung cancer 
during a year—prevalence rate. However, the incidence rate may be used instead. 
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The relevant information for the general population may be summarized 
in a tabulation as follows: 











, Developing Not developing 
Smoking class lung cancer lung cancer Total 
Smokers (total)........ mar p2 (1—r) Patr (pi— 2) 
OS Se Put pu (1—r) Pat? (piu— pa) 
_. RSIS eee Piaf Pa (1—r) Pat+r (Pi2— P22) 
7 - ” 2 
+s 2 + * 
a * * * 
0 I ee ee Dial Pon (1—r) Pont? (Din— Pan) 
Nonsmokers........... (l—p,) r (1—p.) (1—r) (1— po) +r (p2— 7p) 
SRE eae r l—r 1 











where =p;;—= p; and 2p3;— ps2 


When the incidence rate is small, as in lung cancer, the proportion of 
the general population in each smoking class is approximated by 7p». 
The incidence rate for persons in smoking class 7 is: 


Pit 


rr (— 
Pr 


; [1] 
and the corresponding rate for nonsmokers is: 


1 Pt) 
(= 4a , 
ro=r (5 rs [2] 


The ratio of the rate for each smoking class to the rate for nonsmokers 
(r,/r.) is equal to: 
R _ Pull —P2) 


© pall — pr) [3] 


The values of p,, and p2; used in the above formulas reflect the smoking 
habits, at a particular time, of persons in a single age group. Experience 
has shown that at the present time smoking habits are different for 
persons of different ages. However, since we cannot forecast changes in 
smoking habits, we assume a distribution of a cohort population into 
smoking classes, which will remain fixed during the future experience of 
this cohort. The proportion of the population in each smoking class is 
denoted by P,, with the proportion of nonsmokers denoted by P,. The 
incidence rate for all members of an age group is equal to: 


r=PerotPintPoart ..~. Pata [4] 
If we multiply both sides of the equation by r,/r., it takes on the form: 
r=r,(PR.+P:Rit+ P2R:t+ ... PaR.); where R,=1. [5] 


Thus, the rate for the total population is seen to be a function of the rate 
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for nonsmokers, the relative risk (R,) for each smoking class, and the 
distribution of the population into smoking classes. 

Whereas we want the proportion of men in each smoking class to 
remain fixed, we want to take into account the observed relative risk of 
developing lung cancer during each interval of age. For example, the 
relative risk of developing lung cancer between ages 20 and 30 is not 
much greater for smokers than for nonsmokers. In contrast, the relative 
risk of developing lung cancer between 70 and 80 is substantially greater 
for smokers. The relative risk of developing lung cancer during each 
age interval may be obtained from the observed set of data by applying 
formula [3]. 

By definition r,=r,/R,;. Substituting for r, in formula [5] we obtain 
a computing formula for r;, which meets our special requirements: 


— R, —_ 
n=? (pop PET as PE.) (6) 





This formula involves a fixed set of proportions in each smoking class for 
all ages and permits the values for R; and r to change with age. The 
rate for each smoking class is seen to be a function of the rate for the 
total population, the relative risk for each smoking class, and the distribu- 
tion of the population into smoking classes. 
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ANNOUNCEMENTS 


Applications for Grants in Cancer Research 


Acting for the American Cancer Society, the Committee on Growth of the National 
Research Council is accepting applications for grants-in-aid for cancer research in 
the United States. Applications received before October 1 will be considered during 
the winter, and grants recommended at that time become effective on July 1, 1955. 
Investigators now receiving support will be notified individually regarding their appli- 
cation for renewal. 

The Committee feels that an understanding of cancer depends upon a deeper insight 
into the nature of the growth process, normal and malignant. Therefore, the scope 
of the research program is broad and includes, in addition to clinical investigations 
on cancer, fundamental studies in the fields of cellular physiology, morphogenesis, 
genetics, virology, biochemistry, metabolism, nutrition, cytochemistry, physics, 
radiobiology, chemotherapy, endocrinology, and environmental cancer. 

Application blanks and additional information may be obtained from the Executive 
Secretary, Committee on Growth, National Research Council, 2101 Constitution 
Avenue, N. W., Washington 25, D. C. 


Publication of Additional Negative Data From Cancer Therapy 
Studies 


In April 1953, a supplement to volume 13 of Cancer Research was published in 
order to present a backlog of negative data on compounds tested in experimental 
cancer chemotherapy programs. A second supplement is planned for publication 
early in 1955. This will present additional accumulated negative data. It is planned 
also to include data from clinical cancer chemotherapy programs. The next supple- 
ment will be made possible by Grant C-—2198 from the National Cancer Institute of 
the U. S. Public Health Service. 

This announcement is to invite the submission of data for inclusion in the supplement. 
The data from the experimental studies should be submitted in the form presented 
in the initial invitation for data (Cancer Res. 12: 614, 1952) and as the data subse- 
quently appeared in the first supplement. Those planning to submit data should 
note the type of information requested. A brief account of the experimental procedure 
is required, including the method of evaluation and, when possible, examples of 
typical results obtained with a few compounds which have shown antitumor effects. 
The clinical data should take the form of the table used in the article by Steinfeld, 
White, Petrakis, and Shimkin (Cancer Res. 14: 315, 1954). The types of clinical 
measurements used in evaluation of the effects of drugs on disease should be indicated. 
The material should be provided in legible form with compounds listed alphabetically 
and with empirical formulas. Structural formulas should be provided for any com- 
pounds that cannot be unequivocally named. If desired, the compounds could be 
listed in groups according to chemical types. The material should be submitted to 
any of the editors listed below by October 15. The Editorial Committee will reserve 
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the right to omit any data which provide inadequate information. The editors include 


the following: 


Dr. Ralph Barclay 

Division of Experimental Chemotherapy 

Sloan-Kettering Institute for Cancer 
Research 

410 East 68th Street 

New York 21, N. Y. 

Dr. Arthur Furst 

Department of Pharmacology and Ther- 
apeutics 

Stanford University School of Medicine 

San Francisco 15, Calif. 

Dr. Alfred Gellhorn 

Columbia University 

College of Physicians and Surgeons 

620 West 168th Street 

New York 32, N. Y. 
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Dr. Joseph Leiter 

National Cancer Institute 
National Institutes of Health 
Bethesda 14, Md. 


Dr. Michael Shimkin 
National Cancer Institute 
National Institutes of Health 
Bethesda 14, Md. 


Dr. C. Chester Stock 
Sloan-Kettering Institute 
for Cancer Research 
410 East 68th Street 
New York 21, N. Y. 





The Journal of the National Cancer Institute is published bimonthly by the National 
Cancer Institute of the National Institutes of Health, Bethesda, Md. Sir issues, begin- 
ning with number 1 in August, comprise each yearly volume. The Journal publishes 
original observations and investigations in laboratory and clinical research in cancer. 
Manuscripts are considered for publication with the understanding that they have not been 
published previously. 

Publication is not limited to members of the National Cancer Institute or to those whose 
work is supported by Government funds. Manuscripts should be submitted to the Director, 
National Cancer Institute, Bethesda 14, Md. 





Suggestions to Authors 


1. Submit an original and two carbon copies of the manuscript. Follow the style 
of a recent copy of the Journal, especially for illustrations, references, and tables. 
Type all material double spaced. 

2. In the by-line, include the name of the institution with which each author is 
connected. Official title or academic degree is optional. 

3. Begin each page with a new paragraph; i.e., each page should contain one or 
more complete paragraphs, and no paragraph should carry over from one page to the 
next unless it is longer than a full page. Do not begin a new paragraph on a page 
carrying a run-over paragraph. This is a requirement of the Government Printing 
Office. 

4. Insert each footnote in the text immediately after the line in which it is mentioned. 

5. Type each table on a separate page, to be the page immediately following the 
paragraph in which the table is first mentioned. 

6. Graphs, charts, and drawings are printed in the text and referred to as text- 
figures. Legends for text-figures should be included in the text immediately following 
the paragraph in which the text-figure is first mentioned. The original drawings 
reproduce best and are therefore preferable. If two additional copies (photostats or 
etc.) of each drawing are also submitted, review of the manuscript is expedited. 

7. Photographs are printed together at the end of each article, as plate pages. 
The maximum size for each printed plate page is 54 by 8 inches, and the photographs 
should be combined into as few plates as possible. Photographs should be submitted 
either in the exact size, or exactly double the size, of the final printed reproduction. 
Mount the photographs for each plate together on one piece of heavy cardboard. 
Number each photograph, consecutively. Type the legends for each plate on a sep- 
arate page. If, in addition, two unmounted duplicate prints of each photograph are 
also submitted, review of the manuscript will be expedited. 
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